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Here’s an Old One-— 


And Loud Evidence of 
What a Good Motor Will Do~ 


HAT picture in our last 

issue of a motor that had 
operated four years and eleven 
months without a complaint 
has started something. It 
called forth the interesting 
photo of an “old timer” which 
I hold here and this comment 
from C. E. Winchell, Sales 


Manager for the Triumph : 


Electric Company: 


Being an old-timer like yourself, 
I am much interested in your let- 
ter on page 411 of INDUSTRIAL EN- 
GINEER for September, 1922, and 
could not resist the temptation to 
come back at you with a little in- 
formation in regard to one of our 
old-time motors, which may prove 
interesting. : 

The photograph I am sending 
herewith is of a TRIUMPH old- 
type iron-clad, cast-iron frame, 
bipolar machine, built about 1892 
or 1893, one of the first that we 
ever built. 

This motor has been running 
every day, except Sundays, since 
that date, and is still in every- 
day operation in the plant of the 
Wm. S. Merrill Company of Cin- 
cinnati, where it has been operat- 
ing continuously since it was orig- 
inally purchased in the year men- 
tioned. 

So far as we know, nothing has 
ever been done to this motor ex- 
cept to renew the carbon brushes 
and the oil in the bearings. This 
makes about thirty years of active 
service and may go a little way 
toward answering your question as 
to how old a motor must be to be 


positively and undeniably placed 
on the honorably retired list. 

I feel sure that someone will 
dig up a motor older than 
this one and will watch 
for his notice with much 
interest. 


Now then, the peg is 
raised—thirty years of 
active service without 
repairs is a real record 
and it is loud evidence 
of what a good motor 
will do. But are you 
going to let Mr. Win- 
chell get away with this 
oldest “old timer”’ still 
at work? Let’s get up a good 
long list of the near “has- 
beens” to show the present day 
“isers”’ what is expected of 
them as to age limit in service. 

It’s in order, I think, to sug- 
gest that Mr. Winchell shotld 
capture that 1892 motor for 
his own or some national mu- 
seum and put a younger one in 
its place for his grandchildren 
to visit and. interview on its 
service record in 1952. 


Crotieal GAG 
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P. S.—By ‘the way, read 
what Mr. Mulford has to.say 
on page 507 concerning...Mr.. 
Nickel’s*installation shown on 
this page of our August issue. 
Mr. Mulford is one of. those 
(still young) men who helped 
to start the electrical business 
and the things he says reflects 
the thinking of one who 
doesn’t have to guess but 
draws on a full storehouse of 
experience. 
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Old and Modern Switchboards 


Designs in Use Between 1890 and 1922 


Used in We. Ry Asout 1895 


ly wooden frames support- 

ing the switches, meters 

and rheostats. Wiring and live 

parts were exposed. Gradually 

more of the equipment was 

placed back of the board and 

operated from the front by in- 

sulating handles. Solid panels 

of marble and slate were later 

substituted for the wooden 

frames. - Lately asbestos compo- 

sitions have been used. As 

switches grew larger remote 

electrical control replaced man- 

ual control and resulted in the 

bench board, with control han- 

dles for many switches in a 

small _ space. The truck-type 

panel is a modern design which 

makes adjusting and repairing 

-safer. The equipment and wir- 

ing is mounted on a_ section 

which may be pulled out of con- 

tact with live parts. Boards made 

es oe eee ; ee of safety switches mounted on 

ee ae pipe framework have late.y come 

weePi i ites WOUNIED 94) Ales into favor, especially in indus- 
AT. DEAN  OPRAY JUMP asp, OAN DO UpEmE trial plants. 


Sie early boards were mere- 


1893- GeneRATOR-CONTROL BOARD 1893-PoweR-CONTROL BOARD 
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IN THIS ARTICLE details of 
power service are given that have 
been worked out to meet the re- 
quirements of production processes 
from the standpoint of continuity 
of service and the inter-dependence 
of one machine on the next in a 
series of operations and also to pro- 
vide motor equipment and control 
that can be satisfactorily operated 
by common labor. A complete 
equipment of individual motor cir- 
cuit breakers is a feature of the 
installation together with the dis- 
tribution arrangements in providing 
light and power service throughout 
the works. 


Some Ways of 


Decreasing 
Production 


Interruptions 


By the Use of 


Proper Distribution, 


Protection and 
Control Equipment 


By ROGER B. STEVENS 


Formerly Electrical Engineer of Consult- 
ing Board, American Sugar Refining 
Company, Baltimore, Md 


ELIABILITY and safety are 
R the qualities which have been 

worked out to a high degree 
in the distribution, control and mo- 
tor equipment of the plant of the 
American Sugar Refining Company, 
at Baltimore, Md. Among the condi- 
tions which had to be met were the 
low grade of labor used in a sugar 
refinery, the danger of material be- 
ing damaged by extensive shut- 
downs, danger of stoppage of one 
machine in a chain of several where 
the material should flow continu- 
ously from one to the next, provision 
for a future 25 per cent increase in 
cable capacity and provision for 
possible speed changes required in 
driven machines.. Among the feat- 
ures. which stand. out in meeting 
these conditions and others, are the 
use of lead-covered and asbestos- 
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A typical motor, starter and circuit-breaker installation in the plant of the Ameri- 
can Sugar Refining Company, Baltimore, Md. 


insulated wire and cable wherever 
there is the slightest chance of 
moisture or excessive temperature, 
the protection of all conductors and 
live parts by conduit and steel cab- 
inets and covers and the installation 
of individual motor circuit breakers 
with the attendant elimination of 
fuses from the power circuits. Each 
machine as a rule has its own sep- 
arate motor. In the entire plant 
there are approximately 500 motors 
aggregating some 7,000 hp., the 
largest being of 300 hp. These are 
direct-current 230-volt motors. 


MoTors CHOSEN WITH VIEW TO 
CHANGING SPEED LATER 


On account of the high starting 
torque required by much of the ma- 
chinery, and of the desirability of 
providing adjustable-speed drives for 
many of the processes, direct-current 
motors were chosen. In almost all 


cases, the connection between mo- 
tors and driven equipment was made 
by means of spur or worm gears, 
silent chains or by direct application 
to the driven shafts. Motor speeds 
in most cases range from 750 to 900 
r.p.m. 

In order to take advantage to the 
fullest extent of the adjustable-speed 
possibilities of the direct-current 
shunt- or compound-wound motor, 
through the use of shunt-field rheo- 
stats, every drive in the plant where 
there was the slightest possibility of 
future requirement for a change in 
speed has been provided with a mo- 
tor whose normal full-field speed is 
somewhat lower than the expected 
requirement. The normal speed re- 


quired under present conditions, or 
any higher or lower speed which 
may be desireable in the future, due 
to changed conditions, may thus be 
achieved through the use or manipu- 
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lation of shunt-field rheostats. It is 
thus possible to obtain, without the 
use of the inefficient series rheostat 
control, any speed from about (for 
shunt motors) 25 per cent below the 
expected normal to 75 per cent above 
it, or (for compound-wound motors) 
5 per cent below to 10 per cent 
above. The motors used are so de- 
signed that practically perfect com- 
mutation is procured up to 100 per 
cent above normal full-field speed in 
the case of shunt-wound, and up to 
15 per cent above full-field speed in 
the case of compound-wound motors. 
This allows for almost any possible 
future requirement within the power 
of the motor to be met without the 
necessity for changing motors. In 
order to prevent overspeeding of the 
equipment by unskilled or unin- 
structed operators where adjustable 
field rheostats were installed, the 
amount of field resistance proper for 
the highest speed required under 
present conditions was determined 
as soon as the plant started to work 
sugar. The excess resistance was 
then shunted out with an easily re- 
movable soldered jumper. 

Every motor in the plant has been 
equipped with some form of conduit 
terminal box which allows the cable 
to enter the motor frame without 
breaking the continuous chain of 
conduit protection. A standard sys- 
tem of entering the terminal box on 
the motor was determined upon and 
used in practically all cases. This 
is well shown in several of the equip- 
ment pictures. The rigid conduit 
terminates just above the floor or, in 
the case of motors on suspended or 
elevated mounting, at the motor base. 
It is equipped with an end bushing 
and clamp and the final run of 18 in. 
to 3 ft. is made in flexible metal 
conduit of the Greenfield type which 
enters. directly into the cast-iron or 
steel box on the motor frame. Con- 
nections to motor circuit breakers 
and control devices are made by car- 
rying the conduit into the steel case, 
with a locknut and bushing. 

All manual starters and field rheo- 
stats of the face-plate type are 
equipped with safety covers which 
entirely obviate the possibility of 
accidental contact with live metal 
parts, only the insulating operating 
handles projecting through the cov- 
ers. Automatic and remote-control 
equipment, where used, is installed 
in steel cabinets with provision for 
locking while in service. 

The motor protection and control 
equipment was chosen after careful 
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AMONG THE OPERATING con- 
ditions which had to be met in the 
plant of the American Sugar Re- 
fining Company at Baltimore, Md. 
are the following: 

(1) Low-grade labor necessitating 

easily operated equipment. 

(2) Necessity for preventing long 

shut-downs which would 

‘ cause tremendous loss by 
spoilage of material in proc- 
ess. 
Chains of machines operated 
in sequence on continuously 
moving material. The ar- 
rangement must be such that 
a shut-down of one machine 
will stop other machines 
ahead of it to prevent piling 
up of material at the shut- 
down machine. 
Variable condition of prod- 
uct requiring variable motor 
speeds. 
Provision for future increase 
of plant capacity. 

(6) Safety to men and machines. 

(7) Heat and moisture. 

In this article details are given 
showing how these conditions were 
met in the motor control and pro- 
tection, and in the distribution 
system. 


(3) 


(4) 


(5) 




















consideration of operating and proc- 
ess conditions of a sugar plant. 
Among these conditions are: (1) A 
low grade of labor; (2) necessity 
to prevent shut-downs to eliminate 
spoiling material under process; (3) 
interdependence of one machine on 
the next in a series of processes; 
(4) possible change in material re- 
quiring changed speed of machine. 
The greatest problem encountered. 
from the standpoint of protection of 
apparatus and product, was the na- 





Fig. 1—Breakers, drum controllers 
and resistors for 75-hp. motors driv- 
ing molasses and syrup pumps. 
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ture of the labor used. A large part 
of the work is done with common 
laborers operating machines, and a 
great deal of foreign and colored 
labor is employed, so that equipment 
which requires a high degree of skill 
and care in its operation would be 
decidedly out of place. Added to 
this is the inherent high labor turn- 
over which makes it essential that 
equipment be provided which green 
labor can be trained to operate in 
the minimum of time. At first 
glance, this condition would seem to 
point to the desirability of providing 
automatic control of electrical equip- 
ment wherever possible. However, 
maintenance of an extensive equip- 
ment of automatic devices requires 
a comparatively large force of high- 
priced men. Even with the best of 
care, unless a sufficiently large stock 
of spares is maintained and routine 
replacements are made before trouble 
develops, short-time shut-downs for 
adjustment and minor repairs are 
bound to occur. 

After full deliberation, the deci- 
sion was made that the cheapest and 
most reliable operation was to be 
obtained from rugged, manually op- 
erated equipment where its use was 
possible, fitted with every suitable 
safety device and protective appli- 
ance to prevent accident and de- 
struction of equipment. Where au- 
tomatic equipment was required, 
either because of the nature of the 
operation or because remote control 
was necessary, every precaution was 
taken to have it as simple as possi- 
ble in operation and construction 
and to protect it in every way from 
mechanical or electrical injury. 

Probably the greatest single step 
toward the attainment of the ideal 
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installation entirely.free from the 
usual periodic shut-downs is repre- 
sented by the installation of a com- 
plete equipment of individual motor 
circuit breakers and the attendant 
complete elimination of the trouble- 
some and expensive fuse from the 
power circuits. The writer believes 
that, of all the causes of lost time in 
electrified industrial plants, the 
greatest is the fuse. Especially is 
this true in the modern factory 
where material is routed through a 
series of machines or processes in 
a continuous sequence of operations, 
each. dependent for its operation 
upon the proper and complete func- 
tioning of the units immediately pre- 
ceding and succeeding it in the 
chain. 

The blowing of a fuse means that 
an electrician must first be sent for. 
He must determine the size of fuse 
required, obtain it from the store 
room, and then return and install it. 
In the usual type of modern works 
this means a loss which is easily 
determinable with accuracy as to ex- 
tent. It amounts to an astounding 
figure when proper account is taken 
of the time lost by the machine di- 
rectly affected and its operator, the 
machines immediately following it in 
the process sequence and their op- 
erators, and the machines preceding 
it in the process which must he 
stopped or slowed down to prevent 
the piling up of material in an un- 
stable, partly manufactured condi- 
tion. In the case of a sugar refinery 
from the time the raw sugar is first 
dumped from the original bags until 
it assumes the form in which it 
reaches the sugar bowl, it is almost 
continuously in a condition which 
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Fig. 2—Typical individual motors 
and breakers on centrifugals in pan 
house. 





allows it to be left for only a very 
few minutes without serious deteri- 
oration. A striking illustration of 
the possible amount of loss is seen 
in the case of the mixers under the 
vacuum pans. These mixers are 
great tanks with agitators, which 
receive the sugar from the pans after 
it has been boiled down and crys- 
tallized and keep it in a constant 
state of agitation until it can be put 
through the centrifugal machines to 
separate the crystals from the syrup 
with which they are mingled. Each 
mixer may hold at one time as much 
as 80,000 lb. of mixture. Should the 
agitators stop for any considerable 
length of time, the whole batch hard- 
ens and must be dissolved out with 


| 
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hot water and put through practi- 
cally the whole refining process 
again. During the period while the 
mixer is being emptied and cleaned 
—a matter of hours—the battery of 
from four to eight centrifugal ma- 
chines which depend upon it for 
their supply of raw material are ren- 
dered idle, with their operators. 

Realizing the cost of delays it is 
natural for the electrician in charge 
to put in a heavier fuse, if fuses are 
employed for protection. Or the 
man operating the machine may 
achieve a very original idea and 
jumper the fuse block with a piece 
of No. 4 copper wire, on the back, 
where it can’t be seen. Then the 
trouble stops—until a real overload 
comes along, after which a new mo- 
tor is installed, while the old one is 
sent to the shop for the rather ex- 
pensive job of rewinding. 

These dangers were appreciated to 
such an extent that figures were 
compiled which proved conclusively 
that the installation of a circuit 
breaker would pay for itself in a 
surprisingly short time, provided it 
could be properly protected from un- 
authorized tampering, and at the 
same time left available for easy and 
quick operation. Such a breaker was 
placed on the market at just about 
the time the designs for the Balti- 
more refinery were getting under 
way, by the Cutter Company. It 





Fig. 3—Cabinets for eleven feeder 
breakers on one floor. 


Each breaker has its hinged door 
and entire front of cabinet may be 
removed. Breakers are separated by 
barriers. These breakers are rated 
at 500 and 600 amp. and each feeder 
supplies six or eight centrifugals. 
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Fig. 4—Arrangement to prevent 
spoilage when one machine in a 
series stops. 

This shows the wiring connections 
of four machines which represent 
four steps in a continuous process. 
If one machine stops, the machines 
ahead of it in the train will also 
stop, so that material will cease to 
flow to the faulty machine. The ma- 
chines behind the defective one con- 
tinue to operate and will eventually 
empty themselves. This interlocking 
is accomplished by connecting the 
low-voltage release of each machine 
to the armature circuit of the next 
machine. Voltage failure on any 
machine will thus trip out the pre- 
ceding machine. The same principle 


has been applied to automatic con- 
trollers where they are employed. 








consists of a circuit breaker installed 
in a steel box, which is built in two 
parts, much in the manner of 
the distributing cabinets described 
earlier in this article. In fact, the 
idea for those cabinets was taken 
from the breaker box. This allows 
easy and convenient conduit wiring. 
The breaker is operated by an in- 
sulated handle mounted on the out- 
side of the box. The construction 
is such that after the breaker is 
closed the handle becomes independ- 
ent of the breaker arms and may be 
carried to any position throughout 
the operating range and fastened, 
without interfering with the over- 
load operation of the arms. This 
does away with one serious objec- 
tion to the use of breakers on in- 
dividual motors, as with the ordinary 
type it is easy enough to block or 
tie the operating handles in such a 
way as to prevent opening under 
overload. The instrument is so ar- 
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ranged as to be non-closeable on 
overload,-and is arranged with a 
direct-acting time-limit device to 
take care of starting overloads. The 
box may be locked to prevent tam- 
pering with the adjustments and the 
breaker arms may be locked out to 
allow repairs to be made on the cir- 
cuit with safety. Several of the 
photographs appended show the ap- 
plication of these devices. A feature 


of this particular breaker which 
made it especially well adapted to 
the requirements of the present in- 
stallation is the fact that no external 
overload relays are used. An over- 
load device acts directly on the trip- 
ping mechanism instead of an aux- 










































iliary control circuit. This simpli- 
fies the mechanism very consider- 
ably, and assures positive and de- 
pendable operation. 

When one of these motor breakers 
opens from any cause, the operator 
of the machine himself attempts to 
close it. If the trouble is due to a 
persistent cause, such as an insula- 
tion breakdown and consequent short 
circuit, the breaker fails to close and 
the operator sends for assistance. 
If, however, as is much more fre- 
quently the case, the trouble was 
caused by a momentary overload due 
to starting or to a non-electrical 
cause (such as a jammed machine) 
which the operator can remove, the 
breaker goes in and stays at the first 
or second attempt, and the operation 
proceeds without serious delay. 

For the purpose of determining 
the method of protection to be ap- 
plied, all motors in the plant were 
divided into three arbitrary classes, 





Fig. 5—The circuit breaker on this 
bag press trips when proper pres- 
sure is reached. 


This is an unusual use for a circuit 
breaker. An automatic controller 
with pressure-operated trip would 
ordinarily be recommended for this 
application. However, the arrange- 
ment shown was installed because 
the machine was needed for imme- 
diate use and the time was too 
short to make the necessary changes. 
The motor is geared directly to the 
press and the pressure applied is 
limited by the circuit-breaker set- 
ting. The breaker is. ordinarily set 
to open when the motor is loaded 
about 100 per cent above its normal 
40-deg. continuous rating. The mo- 
tor was chosen for a cycle of duty 
every half hour. The cycle is such 
that the root-mean-square load on 
the motor under the worst conditions 
met at present is only about 75 per 
cent of the rated continuous load. 
The breaker is designed for nor- 
mal operation at its present setting. 
Operation has been very satisfactory 
and no trouble is anticipated due to 
repeated opening of the breaker un- 
der this load. 
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depending on their application, size 
and method of control, as follows: 
(1) Motors of 50 hp. and below, with 
manual starters; (2) motors of more 
than 50 hp. with manual starters, 
and (3) motors of any size with 
automatic starters. 

Motors of Class 1 are in every 
case equipped with the standard 
type of fully enclosed breaker which 
‘was just described. This class in- 
cludes most of the motors in the 
plant. It was found, however, that 
the cost of the completely enclosed, 
‘externally operated type of breakers 
in capacities above 250 amp. was ex- 
cessively high. For this reason, 
motors of the second class were pro- 
vided with I-T-E type W breakers, 
installed in cabinets identical with 
those throughout the distributing 
system and already described. The 
only difference between the motor 
and distributing-circuit breakers is 
that the motor breakers in all cases 
were provided with time-limit de- 
vices to take care of starting over- 
loads. 

The feeder breakers were so 
equipped only when the largest mo- 
tor on the circuit to be protected 
might be expected to take a starting 
current of a magnitude comparable 
with the current value at which the 
feeder breaker would be set. In 
most cases where motors of this 
class have been installed, the motor 
breaker and its cabinet have been 
grouped with those protecting the 
branch feeders on the same floor, 
with a separate feeder from the 





Fig. 7—Four portable winches un- 
load ships along 700 ft. of docks. 


These winches are connected to the 
plugs placed along the wall near 
each of the single-cargo booms. The 
winch is controlled from one of the 
cabs mounted high up on the wall. 
The cabs are at such a height that 
the operator can see on the deck of 
the ship, which eliminates the sig- 
naling required when the operator 
is at the level of the dock. There 
are seven of these cabs and four 
boom steps and plugs to each cab. 


breaker group to individual motor. 

Motors of Class 3 required care- 
ful consideration. The grounded- 
neutral lighting system in the plant 
necessitated the use of two-coil pro- 
tection on the overload device. The 
plan finally adopted was to purchase 
from the Westinghouse Company 
their standard Type C counter e.m.f 
controllers with special double-pole, 
double-coil overload relays and main- 
line contactors with time-limit at- 
tachment, and to dispense with the 
separate circuit breakers. Certain 
other manufacturers could have fur- 
nished starters with double-coil pro- 
tection from their standard lines. 
However, as Westinghouse starters 
were used throughout in all other 
locations it was thought best to have 
the automatic starters of the same 
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Fig. 6—Switch connections to trans- 
fer pumps to different float controls. 


By throwing the six switches up and 
down according to the accompanying 
table, any float may be made to con- 
trol any pump. The single lines in 
this diagram really represent eleven 
conductors and the selector switches 
are eleven-pole, double-throw knife 
switches. Each float control has 
eleven points and the cleven wires 
at the motor panel are connected to 
an automatic starter and ten-point 
speed regulator. The switch posi- 
tions for obtaining any desired pump 
combination are as follows: 





PUMP 
COMBINATION SWITCH POSITIONS 
DESIRED 





open down} up 











down|down| down} up | up | open 





down} up | up | open down 


























make for sake of standardization. 

In a number of cases, as stated, 
where sugar or its derivatives is 
handled by a sequence of machines 
without storage facilities between, 
it is very important that if one of 
the machines stops, the machine 
ahead of it shall stop also to prevent 
the piling up of material and the 
flooding of the stopped machine. In 
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the older refineries this has been 
partly taken care of in a rather 
' make-shift way by using the group- 
drive scheme, so that the failure of 
the prime mover of the group stops 
everything. 

This method has several disad- 
vantages, the outstanding ones be- 
ing that, as the machines are or- 
dinarily located on different floors 
in order to obtain a gravity flow of 
material, the use of belt drives 
through holes cut in the floors was 
necessary, and besides, when trouble 
occurred, the material remaining in 
the machines could not be run out 
because it was necessary to throw 
off belts or operate all including the 
machine which was out of order. 

This has been effectively taken 
care of in this plant by providing 
the motor breakers with no-voltage 
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release attachments and supplying 
voltage for the holding coil on each 
machine from a point between the 
motor and breaker of the machine 
following it in the sequence. In this 
way, the stoppage of any machine 
from any cause immediately stops 
all the machines preceding it in the 
series and prevents piling up of ma- 
terial. Furthermore, the machines 
following it continue to run and dis- 
charge the material which is in the 
system. 

This scheme has been of special 
value in the case of elevating and 
conveying machines dumping into 
other machines. Fig. 7 shows the 
wiring diagram used in the case of 
such a system, where a group of 
four machines was protected. The 
machines are a feed scroll, an upper 
and a lower granulator and a sizing 
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screen. The stoppage of any ma- 
chine as, for instance, the lower 
granulator (7th floor), results in the 
loss of voltage at the holding coils 
of the breaker in the motor circuit 
of the preceding machine—the upper 
granulator in this case (8th floor) — 
and the consequent stoppage of that 
machine. This results immediately 
afterward in the stoppage of the 
feed scroll, the first machine in the 
series (9th floor). The machine fol- 
lowing the one that stopped first— 
which happens in this case to be a 
separator screen—continues to run 
and empties itself. 

This same principle was utilized 
on other hand starters and on auto- 
matic starters. On the automatic 
equipment the interlocking is done 
in the control circuits of the start- 
ers. The two schemes outlined, or 
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modification of them, have been used 
wherever conditions made it desir- 
able, with the result that one of the 
greatest troubles experienced by the 
existing refineries has been com- 
pletely overcome. 


Pumps AUTOMATICALLY SUPPLY 
WIDELY VARYING DEMAND 


One of the most interesting of the 
control applications is that in con- 
nection with the three pumps which 
furnish cooling water for the jet 
condensers on the vacuum pana. 
Nine vacuum pans are used in the 
boiling operation, each pan requiring 
from none to over 1,500 gal. of water. 
per minute. As the demand varies 
rapidly and the space available for 
storage tanks is small, a delicate 
control problem was involved. Al- 
most all other refineries operate with 
steam reciprocating pumps, or with 
a combination of steam and electric 
pumps, and the control is almost in- 
variably by hand. The control 
mechanism cannot usually maintain 
an exact balance between the supply 
and the demand. To make even a 
momentary shortage impossible, the 
control is set so as to give more 
flow than is required. As a con- 
sequence, large quantities of water 
(and power) are wasted in over- 
flow. 

In the present installation the 
amount of storage which could be 
provided without materially chang- 
ing the design and cost of the build- 
ing involved was only enough to run 
the plant for between two and three 
minutes. The demand, as nearly as 
could be calculated when the equip- 
ment was purchased, might vary 
anywhere between 3,000 and 13,000 
gal. per minute, with the changes 
taking place almost instantaneously. 
This meant one of two things. 
Either the pumps must be kept run- 
ning at all times at a sufficiently 
high discharge to supply the great- 
est possible demand, with a large 
amount of water going into the over- 
flow during the time of less than 
maximum demand. Or else a.sys- 
tem of control must be installed suffi- 
ciently sensitive and quick in oper- 
ation to take care of the rapidly 
changing demand and' maintain a 
good head of water in the tanks. 

The problem was somewhat com- 
plicated by the fact that the water 
supply is taken from the Patapsco 
River at a point where there is a 
regular variation in the tide level 
from approximately plus 1 ft. to 
minus 1 ft. and a maximum to be 
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provided against of plus 5 ft. to 
minus 4 ft. As the limiting height 
of the tanks was something less than 
16 ft., it will be seen that the un- 
controllable change in head against 
which the pumps must operate is 
nearly as great as the range through 
which it may be controlled by the 
level in the tanks. This made it im- 
possible to use the head-delivery 
characteristic of the pumps to any 
great extent in maintaining control. 
The equipment finally installed 
consists of three 12-in. DeLaval 
single-stage double- suction, volute 
centrifugal pump units, each direct- 
driven through shaft connection by 
a General Electric 300-hp. motor 
with a speed range of 850 to 975 
r.p.m. and a pumping capacity of 
3,000 to 6,500 gal. per minute at a 
total head of 140 ft. Floats are in- 
stalled in the larger tank at three 
different levels, 4 ft., 8 ft. and 12 
ft. from the bottom. These operate 
directly three eleven-point drum con- 
trollers by means of chains and 
counterweights. The motor control 
equipment, which was furnished by 
the Cutler-Hammer Manufacturing 
Company has a ten-point field-con- 
trol panel for each motor arranged 
for full automatic starting and field 
control. The panel is operated by 
the drum controllers mentioned. 
Connection is made between each 
control panel and its drum controller 
by means of a fifteen-wire rubber- 
insulated, lead-covered cable. 
Starting with full tanks and no 
pumps running, the operation of the 
control system is as follows: When 
a demand for water occurs due to 
the starting up of a pan, the level 
in the tanks drops until float No. 1 
—the upper one—drops sufficiently 
to engage the first point on its con- 
troller. This closes the starting cir- 
cuit of pump No. 1 and the motor 
comes up to its slow or full-field 
speed, delivering approximately 3,000 
gal. per minute, more or less, de- 
pending upon the condition of the 
tide and the variations in the pump 
characteristic due to impellor wear, 
motor temperature, etc. Should this 
discharge be sufficient to take care 
of the demand, the tank level is 
maintained and the pump continues 
to operate at its slow speed. Should 
the demand be greater than the 
pump can supply at this speed, the 
float continues to drop and the drum 
cuts in the trip circuit of the first 
field-resistor contactor, which drops 
out, and allows the motor to speed 
up slightly. Resistance steps are 
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added until either the pump dis- 
charge is equal to the demand on the 
tank system or the controller has cut 
in all ten field-control points of the 
No. 1 pump. Should the latter con- 
dition occur, any further drop in the 
tank level is accompanied by the cut- 
ting in successively of the starting 
and field-control points of the control- 
ler for the No. 2 pump and ultimate- 
ly, of the No. 3 unit. The last condi- 
tion will probably never occur ex- 
cept upon the failure of the No. 1 
or No. 2 unit, as two pumps are de- 
signed to carry the full demand of 
the present plant, leaving the third 
for use as a spare. Provision is 
made for the installation of another 
similar unit when the capacity of 
the refinery is “increased in the 
future. i 

As the pumps-‘operate against a 
positive suction -head, it was neces- 
sary to install a priming system, in 
order that they’ might be ready at 
all times to pick up the load auto- 
matically without attention. This 
provision was made by the installa- 
tion of two Nash rotary vacuum 
pumps connectéd to a common suc- 
tion. tank, which communicates with 
the suction pipes of the three 
units through float-operated priming 
valves. 

It will be noted that the whole 
variation in the operation of each 
pump takes place with a variation 
in the water level of less than 4 ft. 
in the tank, from the point where 
the pump cuts in to the point where 
it is running at full speed and de- 
livery. 

When the demand on the tanks 
decreases, the operation of the con- 
trol is the reverse of that described, 
the pumps successively slowing down 
and stopping either until a balance 
is again reached between pump dis- 
charge and volume of water used, or 
until the point is reached where there 
is no flow from the tanks, no pumps 
running, and the water level in the 
tanks is at its highest. point. The 
equipment is then ready automatic- 
ally to pick up the next demand. 


ADVANTAGE OF MAKING PUMPS AND 
CONTROLS INTERCHANGEABLE 


Unless some means were provided 
for interchanging the pumps and 
controls, it will be seen that the No. 
1 unit, which is the first to start and 
the last to stop in each cycle of 
operation, would wear out long be- 
fore the No. 3 unit. In the original 
design, it was proposed to take care 
of this condition by periodically. 
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Exambles of Motor 


Protection and Control 
in a Large Sugar Refinery 

















A—Manual control for motor driv- 
ing powdered sugar machine on 
the other side of the. wall. 
Power is transmitted between 
motor and machines through a 
Jones straight-line speed re- 
ducer. 


B—This circuit breaker and starter 
are mounted directly above and 
control a motor which drives a 
glue mixer. 


C—Here is a twenty-five horse- 
power motor direct-connected to 
a hot-air blower. The starter 
and circuit breaker are mount- 
ed, as shown, on a steel column 
close to the motor. 


D—Motor connected by a Morse 
silent chain drive to a Sturte- 
vant exhauster which removes 
the vapor from the bone-black 
dryers. The wall of the build- 
ing provides a convenient sup- 
port for the motor control. 


E—This circuit breaker protects a 
row of plugs to which portable 
stacking machines are connect- 
ed when in use. 


F—This arrangement of circuit 
breaker and starter provides a 
convenient and safe control for 
a Forbes 4-in. pipe-threading 
machine. 


G—Here is the Sturtevant blower 
and exhauster which serve the 
shop forges, with the control 
equipment mounted on the wall 
close by. 


H—Aceessibility features the wall- 
mounted control for this 114-in. 
bolt cutter. Note the silent 
chain drive. 


I—Mounting the circuit breaker on 
this circular saw saves time and 
steps for the operator when too 
deep a bite opens the breaker. 


J—A typical starter and circuit- 
breaker arrangement on ma- 
chine for cube and _ pressed- 
tablet sugar. In this case also, 
a building column provides a 
convenient mounting place. 


K—The buttons at the left control 
distant motors while the break- 
ers furnish protection for near- 
by motors. Buttons and break- 
ers are mounted on a light iron 
framework. 


L—Both a circuit breaker and auto- 
matic starter are used in this in- 
stallation because the starter 
which was furnished with the 
machine had only  single-coil 
protection on the main-line con- 
tactors, which does not give 
complete protection on a 
grounded-neutral circuit. 
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shifting the float chains. However, 
the inaccessibility of the floats would 
probably have resulted in neglect and 
would certainly have caused trouble 
if it were necessary to make the 
change quickly under operating con- 
ditions due to the failure of either 
of the units operating in the No. 1 
and No. 2 positions. With this in 
mind, the system of transfer control 
switches shown in the diagram, Fig. 
6, was designed and installed. The 
apparatus consists of three panels, 
each having mounted on it two 
eleven-pole, 30-amp. double-throw 
knife switches so cross-connected 
that, by placing the switches in the 
positions indicated in the chart ac- 
companying the diagram, any pump 
may be connected to any float con- 
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will be rotated in the operating cycle 
at regular periods. 


PORTABLE WINCHES FOR 
UNLOADING 


Another interesting feature of the 
installation is the method of han- 
dling the portable winches used to 
lift the raw-sugar bags from the 
deck of the ship to the dock before 
the raw-sugar warehouse. The 
hoisting equipment must be flexible 
enough in arrangement to allow the 
easy unloading of a ship from a 
hatch placed in almost any position 
along the 700-ft. dock. This was 
accomplished by the use of a single 
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cargo boom placed at a height of 
about 15 ft. and mounted on a swivel 
bracket at each of the building col- 
umns as shown in Fig. 7. Anchor 
bolts are set into the concrete dock 
floor at each of the columns and four 
portable electric winches are pro- 
vided which may be moved into posi- 
tion at any of the booms. The cargo 
whip fall is led up through a block 
at the outer end of the boom, down - 
through a foot block and to the 
winch drum. Seven cabs, distrib- 
uted along the water front, are 
mounted in the warehouse wall at a 
height which allows operators sta- 
tioned in them to look over a ship’s 





Fig. 8—Standard type of steel box 
for feeder breakers and risers. 
All boxes are made of No. 12 gage 
























































fare of different width and have no 
hinged door. in front, the ,cover be- 
ing held on with No. 10-32 round- 
head. machine screws. The box for 


















































trol. It is expected that the pumps sheet steel and are of the sama four risers is 20 in. wide and .that 
Pp Pp Pp height and thickness: See Fig.*10 for two risers is 12.in. wide. Seams 
for a photograph of..some of the are lap-welded on the insides of 
e-—-—— --- g”——~—~-- > boxes in place. The particular box boxes. Holes in'top and bottom are 
4h ns shown in this drawing is designed to drilled when thesheets are cut, but 
aiuedins ~ take any size of circuit breaker. The holes in side walls are drilled as 
iv boxes for the risers differ from the needed when the boxes are installed. 
© = ° circuit-breaker boxes in that they The boxes are fastened to the wall 
A % a 5 , with %-in. by 3-in. expansion bolts. 
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deck at high tide. Each of the cabs 
contains a complete control equip- 
ment for one of the winches, oper- 
ated by a manual drum controller. 
The cabs are provided with glazed 
sash on each of the three open sides 
so that the operator is completely 
protected in cold weather. An elec- 
tric heater is installed in each cab. 
Four-pole plugs, distributed along 
the entire water front, allow the 
winches, when placed in position at 
any of the booms to be controlled 
from either of the two adjacent cabs. 
A selector panel is provided in each 
cab to allow the operator to connect 
his control equipment to whichever 
plug is in use, leaving dead the other 
plugs operated from his cab. In 
this way hoist service is supplied to 
the entire water frontage with a 
minimum of equipment and the 
greatest possible flexibility is ob- 
tained. 


THE DISTRIBUTING SYSTEM 


All feeders for light, power and 
signal service pass to the manufac- 
turing buildings from the power 
plant through underground conduits. 
As the yard between the buildings 
was to be used for both railroads 
and truck roads, the design of the 
duct system required very careful 
consideration. The ground was con- 
stituted almost entirely of a fill put 
in place during construction, outside 
the former bulkhead line. The yard 
in these areas was to be finished 
with a concrete pavement, and in 
some parts, railroad tracks were to 
be installed. In all places, the pave- 
ment was required to withstand the 
weight of heavy trucks. The final 


solution consists of Orangeburg fiber 
conduits laid in two layers under 
the buildings, on 6-in. centers, and 
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Fig. 9—Typical connections between 
risers and circuit breakers. 





enclosed in a concrete envelope which 
lay directly on the 3-ft. mat which 
supported the buildings. The en- 
velope was terminated near the outer 
edge of this mat, with enough of the 
fiber conduits projecting to allow a 
connection to be made. Between the 
edge of the two mats, a self-support- 
ing bridge structure was built pass- 
ing from one building to another 
strong enough to support the shallow 
earth fill, the concrete pavement, and 
the superposed live load of trucks 
and railroad equipment. This struc- 
ture was built of reinforced con- 
crete. It rests upon the edges of the 
building mats, allowance being made 
for it to slide over the top of the 
mats at the ends sufficiently to com- 
pensate for expansion and contrac- 
tion due to temperature changes and 
any subsequent settling of the main 
structures. 

All ducts for light and power are 
314-in. fiber, and at one side of each 
envelope a number of iron conduits 
(1-in., 1%4-in., and 2-in.) take care 
of the signal, fire-alarm, clock and 
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telephone cables. At terminal points 
and cable pits, the signal ducts are 
either carried to separate cable pits 
or are separated from the power and 
light ducts by substantial concrete 
walls, in accordance with the re- 
quirements of the National Electrical 
Code. 

All underground cables except the 
small multi-conductor control and 
signal cables are paper-insulated. 
The smaller conductors are rubber- 
covered. All, of course, are leaded 
and pot-headed at each end. The 
relative merits of paper and var- 
nished-cambric insulation for the 
heavy feeder cables were carefully 
examined, and as the A. I. E. E. 
(New York Section) devoted several 
meetings and a number of papers to 
the subject at the time the design 
was under way, full advantage was 
taken of the latest findings along 
this line. Final decision in favor 
of paper was based upon: (1) Ability 
to stand up under difficult tempera- 
ture conditions; (2) lower first cost. 

Feeder cables inside the buildings 
were run in conduit. _They are 
varnished-cambric-insulated and cov- 
ered with double flame-proof braid 
or tape and braid. Each feeder is 
carried full size straight through 
to the last floor that it feeds. The 


~ sizes of these inside feeders was 


taken according to the National 
Electrical Code except where these 
sizes were judged to be too small on 
account of unusual construction or 
temperature conditions. In such 
cases larger sizes were employed. 
For the underground feeders in 
ducts outside the building larger 





Fig. 10—Uniform steel boxes enclose 
risers and feeder circuit breakers. 


The boxes for the feeder breakers 
have hinged doors and the entire 
front may be removed to make ma- 
jor adjustments or to change size of 
circuit breakers. The front part of 
the box on the left has been removed. 
See Fig. 8 for a detailed drawing of 
the boxes. 
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sizes were used on account of the 
higher initial temperature and the 
small amount of radiation. 

Temperature conditions in the 
duct lines at times will be difficult, 
to say the least, as practically the 
entire space between several of the 
buildings is filled with ducts in two 
layers, with a shallow earth fill above 
the envelope, and a 6-in. to 12-in. 
concrete pavement above. What the 
initial temperature in the ducts will 
be after Baltimore’s July sun has 
beaten down upon this pavement for 
a few hours was difficult to deter- 
mine in advance. With this in view, 
all underground cables have been 
conservatively rated, and no trouble 
is anticipated from this source. 

From the feeder schedule shown 
herewith, it will be seen that in sev- 
eral cases two cables have been used 
on multiple for one feeder. This 
was found desirable for several 
reasons. Investigation developed the 
fact that it could not conservatively 
be considered safe to bend a heavy 
paper and lead cable to a radius of 
less than twelve diameters on ac- 
count of the danger of opening the 
insulation. In a number of cases the 
grade at which the duct lines must 
be installed was fixed, by interfer- 
ence with water, sewer and steam 
lines, at a point which made very 
large radius bends extremely diffi- 
cult. These limitations, together 
with the difficulty of handling 
heavier cable, established the size of 
the largest cable to be used at 1,500,- 
000 cire. mils. However in some 
cases it was desired to have larger 
feeders than this in order to take 
advantage of the better diversity 
factor which would result from serv- 
ing as many motors as possible from 
each feeder. These facts all pointed 
to the desirability of combining the 
carrying capacity of two cables in 
a single feeder. The criticism was 
made that a slight inequality in the 
length of the cables constituting one 
leg of a circuit, or in the resistance 
of connections, would result in the 
unequal division of load and conse- 
quent overload and heating. But the 
designers of the system expect no 
difficulty to develop from that source. 
Care has been taken to have the 
cables of equal length within the 
pairs, and at every point where a 
tap is taken off a-full size equalizer 
connection has been installed. 

The refinery as constructed is de- 
signed to take care of a future expan- 
sion of 50 per cent above the present 
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capacity. Full provision has been 
made for the feeders and power 
plant equipment necessary for this 
future capacity. It was possible to 
proportion the feeders so that when 
the expansion is finally made it will 
be necessary only to install one 
additional circuit breaker panel in 
the space and on the supports al- 
ready provided and pull in one addi- 
tional feeder to each of the build- 
ings affected. This additional feeder 
or breaker in each case will be of 
the same size as those already serv- 
ing the buildings changed. A glance 
at the feeder schedule will indicate 
how this provision has been made. 
Duct lines have been installed 
throughout in sufficient number to 
take care of the ultimate cable re- 
quirement and to leave in addition 
at least 25 per cent of spares 
in all cases after the last cables 
have been installed. No spare cable 
will be pulled into the ducts at pres- 
ent, as in case of trouble, it will 
require only a couple of hours’ work 
to pull and put into service a new 
feeder to any building. 


STEEL BOXES MAKE CABLE 
INSTALLATION EASY 


A development that added greatly 
to the ease and convenience of in- 
stalling feeder taps and _ branch- 
circuit protective devices is the steel 
box shown in Figs. 8 and 10. Boxes 
of this kind are used as base com- 
partments and wiring chambers on 
each floor. The base section is bolted 
to the wall at the point where the 
risers pass, the riser conduit enter- 
ing at the bottom and leaving at the 
top, leaving the cables easily accessi- 
ble through the open front of the 
box. This allows the cables to be 
wedged for support at each floor. 
Similar shallow boxes are installed 
alongside the riser boxes to accom- 
modate the branch-feeder circuit 
breakers. The boxes are all of uni- 
form height and depth, the circuit 
breaker boxes being slightly wider 
than the riser boxes. This gives the 
advantages of uniform appearance, 
cheaper construction in quantity, 
and the possibility of changing the 
size of circuit breaker used in a 
given location without changing the 
box. 

The top sections of the riser boxes 
serve no purpose except to bring the 
whole arrangement into symmetry 
and to give a uniform appearance 
to the installation. It has been 
found, however, that they form very 
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convenient receptacles for the pro- 
tection of instruments when exten- 
sive test readings are to be made 
on the branch circuits. 

All boxes are drilled on the sides 
where they are mounted side-by-side 
and 2%-in. or 3-in. close nipples are 
installed with bushings inside the 
boxes to clamp them together. Clamp 
connectors (solderless) are used to 
connect the cable taps to the risers 
and to provide equalizer connections 
in the case of multiple feeders. Taps 
are led off to boxes in both direc- 
tions wherever more than one branch- 
feeder circuit is required. 

In the circuit-breaker boxes frames 
of 11%4-in. by %4-in. steel are placed to 
support the slate panels upon which 
the branch circuit breakers are 
mounted. All branch-feeder circuit 
breakers were purchased mounted on 
slate panels of uniform size, and the 
drilling of the steel panel supports 
is uniform throughout. The break- 
ers are all back-connected, and con- 
nection is made to them before bolt- 
ing them in place. In the cases 
where a large number of breakers 
are installed together, as occurs es- 
pecially at some of the central pump- 
ing stations, the abutting sides of 
the box bases are entirely cut away, 
transite board barriers with slots 
are installed between breakers and 
all connections between risers and 
breakers are made with bar copper 
instead of cable jumpers. When the 
breakers have been mounted and con- 
nected, the installation has the ap- 
pearance shown on the left of Fig. 10. 
Top sections, as shown on the right 
of Fig. 10, are then bolted on to all 
the boxes, those for the riser boxes 
being provided with plain screw 
covers, and those for the breaker 
boxes with hinged fronts. The 
breakers are now each easily acces- 
sible from the front for operation 
by opening the hinged covers, and 
for repair or extensive adjustment 
by removing the top sections of the 
boxes. 

A further extension of this stand- 
ard method of mounting the branch 
circuit breakers was made in the 
case of the centrifugal machine floor 
of the pan house. On this floor, be- 
sides some smaller incidental equip- 
ment, there are installed forty-eight 
centrifugal syrup extractors. Each 
is driven by a motor which is nom- 
inally rated at 20 hp., but in start- 
ing, is thrown on the line with only a 
small resistance in series, so that it 
takes (Continued on page 507) 
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THIS IS THE FIRST of a series of . 


five articles which will analyze the 
causes and effects of evidence of 
brush troubles and the remedies 
that can be applied under a wide 
variety of different operating condi- 
tions. 
covers all of the common evidences 
of troubles and will serve as a prac- 
tical guide in studying them. An- 
other chart will give details of the 


remedies. 


Some Points 
to Observe When 


Diagnosing 
Brush 
Troubles 


And in Making 
Changes or — 
Adjustments of — 
Brushes or in 
the Repairing of 
Commutators 


By E. H. MARTINDALE 


President, Martindale Electric Co., 
Cleveland, Ohio 


[AGNOSING carbon brush 
ID troubles is not unlike diag- 

nosing an illness of the hu- 
man body with the added disadvan- 
tage that the machine cannot answer 
your questions. When a patient has 
the stomach-ache from eating pickles, 
the doctor can learn by a simple 
question which one of the 57 vari- 
eties his patient has eaten. But in 
the case of motor or generator the 
trouble shooter cannot even invoke 
the magic of the X-ray to guide 
him in his quest. He must recog- 
nize all the possible causes of the 
trouble and then by the process of 
elimination determine the source. 

A short time ago the editor of the 
INDUSTRIAL ENGINEER came to the 
writer with the request that a short 
series of articles be prepared dealing 
with troubles encountered in the 
operation of carbon brushes. The 


The accompanying chart . 
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writer felt rather reluctant to under- 
take the task mainly for the reason 
that he had presented the subject at 
some length during the past eight 








MR. MARTINDALE has con- 
ducted exhaustive original 
studies on the performance 
of carbon brushes and has 
published the results of his 
findings in various publica- 
tions from time to time and 
presented them in an elab- 
orate paper before the Amer- 
ican Institute of Electrical 
Engineers. His practical ex- 
perience was secured with 
the Illinois Steel Company, 
Commonwealth Edison Com- 
pany and the National Car- 
bon Company. For a number 
of years he was in charge of 
the brush testing laboratory 
of the National Carbon Com- 


pany. 
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years in two technical magazines and 
before the American Institute of 


Electrical Engineers. Each of these 
articles was presented from a differ- 
ent view point and it did not seem 
possible to write another series 
which could be materially different 
from one of the others. It was the 
editor himself who made the sugges- 
tion that an analysis of brush 
troubles could be presented in chart 
form for everyday use in studying 
these troubles in machines. This 
appealed to the writer as a work 
that should have been done years 
ago. He believes it will be of more 
practical help than any previous 
method of treating brush troubles. 
Two charts will be presented with 
this series of articles. The first one 
(page 476) shows the causes and 
effects of trouble at brushes or com- 
mutator. The second chart to be 
presented with the last article will 
show the remedies and the particular 
troubles each will help to eliminate. 








Vol.80, No.10 


NDUSTRIAL ENGIN 


476 



























































































































































EE ee a ee ee ae ee ae a i ee creer Sa ar es 
| | | | | | | | BN ee. aj6up Guosm yo payosado saysnig “Q] 
+e HE |] H{#!H!" HJ] — pin Dijana we Capa yaum Wain 
/h A uoivanp auo Xju0 un Guruuns sauryavu uO Suapjoy ysnig ULOM, “¥ 
In n rn “aK D* » » ee ee eee eee ee eneeere suapjoy un 7y61) soysnug *Z 
A » rs eee EEEEC EEE aunssaad ysnag ponbauy) “9 
i la iN ee en ee Cece rrr rer. ybry 003 aunssaud ysnug *G # PME eo ip 
i Ih ‘A /h A A A / sie o.0 0 0 0'e 6 00 6 0 O'4- 0 020.0 4.4 me 06.608 6 6. 6 mo} 00} aunssaud ysnig "y % 
nN nN » » n ae eee eee eee eeeeeererere yory} 00} saysnig, *¢ Se 
nN in in n ee re eereeereceereer Gunronds ysnuq ossoout “z| -VUAdO HSAYG’ 
ree ah are oe oF SR ee a ee oanou pompop fo myrmg 7 LAVA OL wd 
-p iN A iN p IN eee Ge dosp yovquoo mo 00,5, “9 SES 
nN ee Cerner dosp yovjuoo yfy 00y, “¢ ote fe ape ccc 
/h /h 00 0 6.0 9G 9 6 wm 80 0 80 0 86 O68» 6 ae © ete sate saysnsg uonnaf yb py "Y < : : 
Ah A A A $956.0. 6's 0's © 06 01k t 0 6 6 wee © oO 6 ore eras te u01j9D aa1sD1gD yonu 00], 9 uenue 30 
in nN ee reer e errr terre U01}90 aarsDigD IN) OO, *% AGVUD DNOUM 
; “ie “ RS is Maa MEP ree Oe eS Gyovdeo buikamo moj cog 7p |  WOWA ONISTUV 
Ah ih /h A A A swe 6 0 'n oq 6 0 6 400 00 00 0 ee eM 0 £6 OOS the 4 Ble Oe BLO SLRS burysody oF A “ALLON LOOA Was 
ges E PEELE EE ls( ELE 2 | 2 | 2/2 
So se - 5S dl = E A= 4 =o af ct 5 g 2 = 
Sa) cia ie@ ia tela iB lee lieeli ae it tele 1 RLS 
pi MI BIR IBIS 1S |e lEBIEEIB le ls . 
2] Flel/e]* |8 | F lg lee Bele] | = 
wd B g |& 3 Z . BS es 4 E83 SAUTHNOUL HOLVLAWAOO GNV HSN 40 SASNVO 
e| z| |e ge oa et a z 
g|-&| | & * a2 FS 
| 8 z Be |e 
5 SATANOUL AO SAONACGIAT GNV SLOWAAa 








‘ory “puelea2y) 
‘oyepunnseyy “H “a Aq pepiduro) 


SAOJDAIUIL) PUD SAOJO JA JUBAANT) JIOBAICT Ut 


- sajqnou L 40jDjnuUWOy pun ysnig fo sjIaf{{fY puv sasnv’) fo sisqouy uy 


yeYyD s8qno1y, pue sdueusjUIeWF Ysnig uogies 




















é 
: 
: 








"$a}qnod} sopoynuU0d fo sasnvd ay} Buon uMoYs uaag sDY 72 OY) Sajqno.y Jayjo KuvU os fo asnDI ajmipawUN ay) s2 71 aun} awUtDS ayy 7D ynq ‘ajqno.y sayjo awos fo poaffa ay} 81 Burysody 5, LON 














‘ 


i 


uoropunof aqnjsuy) *9 





auibua fo punog 





bursM) 929 100g 








au) uo poo) fo sabung 














°G 
Y 
Suopoiauab uaamjag sfuasind ssouy *¢ 
6 
‘IF 


$pD0}.120Q) 


“oporyae q4s 
ur passnosip oq [ITM 


SHOUNOS 
TVNYALXY WOU 





uolINg Asp TN “Sh 








shuiipaq ULOA “J } 





sdvb6 1v yonbaup 





sajoduajun fo yuauysn{pp 100g 





buryang pjayf sarsag: 








pasn{po A)100d pjarf saiuag * 








Sl el el el el el] ele 


Playf yunys ur qsoys yous * 





SUOI}DUIWID) ainzoULID pawwUDs 











aunjoullD paounjoqun A))DnUDYIA TAL 





Gurpuim aunjoutsy pasunjpquy) * 











p09 aunyoulsp un 71nI119 uadgQ 

















U01799UUOI Pua ISOO’T 


‘apie Yip 
ul pessnosip eq TILA 


SLOAAAG ATH 
CNV FYOALVAYV 
Ad Gasnvo 











pDus 00} LopoNUNUOT) 





























Gurusn sa fo paysiuif Xj1adoud you sozojnuruo;) * 





pnw fo ssaupupy ur aguasaffiq °* 

















sung fo ssaupspy un aduasaffig 





soyoynunu09 Ayng . 














JoyoynwUOs UO yuDIIIQn) fo asf 





sozojnunu0s ybnoy * 








paads ybiy yo soynynuwo0d 91.4,.UI097T 











porwr YO 7] 











SUDQ JOFDINUUUOD 0} }a)DLDd Jou spnys ysnugy 


‘apne pig 
ur pessnosip oq TIM 


SLOUAAG 
YOLVLOAWWOD 
WOUd ONISTHV 











syunys ysnig as0o] 











Saysnig pajonign’y 





























aovfins sopojnuLUIOI 07 saysnig fo 01704 Yhiy 007, 






































Gursayyoys saysnig7 


‘ajbun Guosm qo payosado soysnig, “Q] | 

















478 


A very small percentage of brush 
troubles is primarily due to the 
wrong grade of brush. It is true 
that in any case of trouble a change 
of brush may prove a great help, 
but it is like giving morphine to a 
suffering patient. It has quieted the 
effect, but does not remove the cause 
of the trouble. 

The carbon brush manufacturers 
have been too anxious in the past to 
try to develop a new brush to cure 
every trouble instead of telling the 
operator frankly that the machine 
is at fault. I do not blame the 
brush manufacturer; he can hardly 
do otherwise. If he should tell the 
average operator that the trouble is 
in the machine, but could not tell 
him which one of the 46 causes was 
responsible for his trouble, the oper- 
ator would think the manufacturer 
was only trying to shift the blame 
from the brushes. He would prob- 
ably call in another manufacturer, 
get a set of brushes from him, and 
then he would be sure the first man- 
ufacturer was shifting the blame 
because the second man gave the 
machine the right dose of morphine. 


Four GRADES OF BRUSHES ARE 
SUFFICIENT IN Most CASES 


Four grades of brushes, excluding 
metal or metal composition brushes, 
should be sufficient for any plant if 
the equipment is kept in good con- 
dition. If brush manufacturers 
would adopt a brush letter code, 
somewhat like the following, for 
their trouble grades, it might have 
a salutary effect. 

I. B. S.—For incorrect brush spacing. 

B. O. E. N.—For brushes off electrical 
neutral. : 

U. B. P.—For unequal brush pressure. 

H. B.—For high bars. 


D. A. M. N.—Designed for any ma- 
chine neglected. 


I have seen many a maintenance 
man who had been getting poor serv- 
ice from brushes, without complaint 
to the brush manufacturer, call in a 
competitor, follow his recommenda- 
tion of grinding the commutator, 
undercutting the mica, adjusting his 
brush spacing and brush tension, put 
on the new brushes and never give 
the old manufacturer another chance 
at analyzing the trouble when all the 
benefit was from the change in his 
operating conditions. 

It is important that the meaning 
of several brush terms frequent!ly 
used, should be thoroughly under- 
stood when selecting brushes. Brush 
resistance is practically negligible as 
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it averages only about 1/10 of the 
contact resistance. Carrying capac- 
ity is determined by the combination 
of contact drop and friction. There 
are, therefore, only three inherent 
characteristics of brushes which ma- 
terially affect their operation, name- 
ly: (1) Abrasiveness; (2) coeffi- 
cient of friction and (38) contact 
drop. The first two are mechanical, 
the last electrical. 

Abrasive action should not be con- 
fused with hardness. The abrasive- 
ness of a brush depends on its im- 
purities which usually consist of 
mica, quartz, silica or iron oxide. A 
very hard brush free from impuri- 
ties will not wear a commutator 
while a very soft graphite brush 
with a small percentage of impuri- 
ties will produce rapid commutator 
wear. 

An abrasive brush will always have 
a high coefficient of friction, but 
brushes may also have a high coeffi- 
cient of friction without being 
abrasive. 

It will be noted from the chart 
that too much abrasiveness is indi- 
cated by commutator wear with a 
bright raw copper surface, noisy 
brushes, rapid brush wear and com- 
mutator heating. The first effect is 
sure to be present, while the others 
may be present in a smaller or 
greater degree depending on the 
construction of the machine and the 
wearing qualities of the brush. 

Too little abrasive action will be 
evidenced by high mica, a black 
commutator and commutator heat- 
ing. Undercutting the mica may 
stop all of the trouble and is better 
than using abrasive brushes which 
will wear the commutator. 

Commutator heating may be pro- 
duced by brushes with either too 
great or too little abrasive action. 
In the former case the heating is 
due to friction while in the latter 
case it is due to burning caused 
from poor contact between the 
brushes and commutator. 


LARGE AMOUNT OF POWER CONSUMED 
BY HIGH FRICTION BRUSHES 


High friction brushes are usually 
noisy and produce commutator heat- 
ing. Unless one has figured the 
amount of power consumed by high 
friction brushes he may be surprised 
at the loss caused by.this character- 
istic. In an article published several 
years ago, the writer showed where 
on a 100-kw., 220-volt generator, the 
annual loss from high friction 
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brushes amounted to $277.20 as com- 
pared to $37.08 with low friction 
brushes. These figures were based 
on an 8-hour day, 300 days per year, 
with a power cost of 14% cents per 
kilowatt hour. There is little ex- 
cuse for high friction brushes unless 
abrasive action is necessary. It is 
better to have a brush with too little 
abrasive action and stone the com- 
mutator occasionally than to have a 
brush with too much abrasive ac- 
tion. The saving in friction loss will 
pay for the stones used many times 
over. The total commutator wear 
will be less and the reduced heating 
will permit a higher load on the 
machines. 


EFFECTS OF Too HIGH AND Too Low 
CONTACT DROP 


Too high contact drop in brushes 
will produce under-commutation with 
some commutator heating and a 
small amount of sparking, but these 
effects are seldom sufficient to cause 
serious trouble except on low volt- 
age equipment, such as plating gen- 
erators. 

Too low contact drop has more 
serious effects as it permits over- 
commutation causing heavy short 
circuit currents in the coils under- 
going commutation, or in other 
words, in each armature coil as the 
commutator bar. connected to it 
passes under a brush. This causes 
both commutator and armature heat- 
ing, severe sparking with all its at- 
tendant evils and in severe cases 
glowing and pitting of the faces of 
the brush. 

The grade of brush installed on a 
new machine may be the best when 
the machine is new, but as bearings, | 
brush holders and commutator be- 
come worn causing respectively vari- 
ation in air gaps, setting and spac- 
ing of brushes, and an increase in 
the number of bars spanned by a 
brush, it may be necessary to change 
to one with higher contact drop. 
Usually the motor and generator 
manufacturer takes all these condi- 
tions into account when selecting the 
brushes for a machine. 

All of the brush manufacturers 
maintain a highly skilled staff of 
engineers who are glad to assist in 
the selection of the proper brushes 
for equipment. Their services are 
free and their experience should be 
drawn upon by any industrial plant 
man who carries the responsibility 
of selection of brushes and their sat- 
isfactory operation. 














October, 1922 


Here Are Some 
Pointers on 


Instruments 
Needed in 
Maintenance 


Work 


And How They Can 
Be Used to the 

Best Advantage in 
General Testing 


By J. M. WALSH 
Electrical Engineer, Gurney Elevator 
Company, Honesdale, Pa. 

I HE FUNCTION of the shop 
electrician should be the main- 
4 tenance of the electrical sys- 
tem of his factory and all that per- 
tains to that system in the most up- 
to-date and efficient condition pos- 
sible with his equipment and train- 
«jng. He should realize the depend- 
ence of the entire plant upon its 
electrical system, and the possibili- 
ties for increased production and effi- 


ciency that lie in the improvement 
of that system. / It should be re- 
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basis of the set. Both of these in- 
struments should be of a rugged, 
portable type of the self-contained 
sort; that is, without a s separate car- 
rying_case, but_sa built as to be en- 
tirely covered and protected when 
closed. A wattmeter is valuable but 
not really essential unless alternat- 
ing current is used on the power or 
lighting c! circuits. In this case the 
wattmeter will take the place of a 
power-factor meter with greater ad- 
vantage and at lesser cost. And, by 
all means, a direct-reading skate 
ter of of modern construction should 
be included in the equipment. i] The 


value to the shop electrician of this, 








be used in getting accurate informa- 
tion on the actual brush pressures 
in use on the Shop motors. The kind 
known as Sportsmen’s Balance an- 
swers very well for this purpose; it 
is graduated in ounces and pounds 
up to six pounds. Finally, a tachom- 
eter or speedometer is necessary. 


There are many types of this instru- 
ment, but one of the handiest is that 
known as the “aeroplane,” which 
holds its maximum speed indication 
after being removed from the ma- 
chine. If an instrument of this type 
is deemed too expensive, an excellent 
substitute is a Veeder counter used 
in conjunction with a stop watch or 


garded not as something separate | comparatively recent adaptation of a \ even with an ordinary pocket watch. 
and apart from the rest of the con- \ iaianabaey instrument can hardly be , 
cern, but as really one of the main overestimated. If it is not possible , the attention of th the s hop ele p electrician 
arteries which is responsible in no to purchase one outright, although | and his assistants may be y be grouped 
small degree for the well-being of the price is very reasonable, arrange- | under the e headings of surveys which 


\_ the entire establishment. 

~~ In taking hold of his job, the shop 
electrician ought to look first to the 

equipmen t of his department; that 

is, to the means eans provided f for prop- 

erly performing | his duties. //In the 


first place, there should be a set of 


ments may easily be made to rent ’ 
ne from the manufacturers long 
enough to make a lighting survey o 
the plant. 
A testing thermometer graduated 
in degrees Centigrade is quite inex- 
pensive and often serves a valuable 








electrical measuring instruments, purpose in determining whether or 


and this can hardly be too complete 
in frequently used types and sizes. 

A voltmeter of range suitable for 
the voltages encountered in the shop, 


and ammeter, preferably. of the 
external shunt type with a good as- 








sortment of shunts, constitute the 





not a particular piece of apparatus 
is operating at ay high a tempera- 
ture. The upper limit of the scale 
should_be 150 deg. above, and the 
lower limit about 40 deg. below the 
zero point. There ought also to be 
included a_small, spring balance to 

















Items of importance which claim\ 





they should make. These se surveys or 
investigations pertain to the lighting 
system, the motors, and the power 
and distribution n lines of an_av average 
size _of industrial works. 

Under the | lighting su survey one of 
the first matters to be checked is the 
voltage at the lamp sockets. The 
voltmeter must be connected directly 
to the socket, and not merely to_the 
panel el board terminals of the circuits. 
This will disclose any discrepancy > 
between the rated voltage of the 
lamps in use and the voltage of the 


circuit on which they are being 
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burned./The importance of this mat- 
ter and the value of having the lamp 
voltage the same as that of the cir- 
cuit can be. easily demonstrated by 
referring to the table of lamp volt- 
age changes that is given in Croft’s 
American Electrician’s Handbook, 
page 665. 

Photometer tests re mm made 
to determine the intensity of illumi- 
nation in all parts—of the plant. 
Readings should be taken _on all 
working surfaces, around the various 
machines, on_the assembly floor,_in 
the drafting room,-and in the busi- 
ness offices. The State Code require- 
ments for jntensity of illumination 


a 





ig__in force, and the _necessary 
changes made in the lighting system 
to conform to it. In_most_cases the 
code Yequirements are the minimum, 


Distribution and location of the 
sources 0 should be checked 
during the lighting survey. Atten- 
‘tion should be paid to these matters, 
with especial reference to the State 
Code, as in many instances the light- 
ing systems have been installed prior 
to the publication ¢ of the codes codes. Par- 
ticular _ notice _should | be given to 
lighting conditions:i in the foundry, if 
there is one attached to the plant. 
The_general condition of the lamps 
and_their shades, as well as their 
manner of installation, should be 
carefully noted. /. A thorough and 
practical system_of lamp cleaning 
and replacement should be installed. 
The value of regular and efficient 
lamp and shade cleaning will be re- 


alized in the results obtained in 1 bet- 




















ter lighting and longer life of lamps. 





Here is a motor-record card that is 
well worth copying. 





A schedule should be mapped out to 
insure the cleaning of every lamp 
and Shade-in the plant at regular in- 
tervals suited to the local operating 
then be ttosely followed. 

The motor survey should cover the 
careful examination of every motor 
in the shop, with a view to deter- 
mining its fitness for the work it is 
doing. Power readings _ should be 
taken under various conditions of 
load ad and: the behavior of the motor 
carefully noted, This survey is o 3 often 
of the greatest value ‘in disclosing 
costly leaks through inéfficient mo- 


eves ¥ 
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toring. This statement applies in 
particular to establishments which 
were expanded rapidly. during war 
times, when definite motor require- 
ments could not always be either es- 
timated or met. Finall , all data 
pertaining to each individual motor 
should be accurately entered on n a 
suitable card form and properly 
filed. 

he motor survey embraces also 
an investigation of the methods em- 
ployed in starting the various mo- 


‘This is a matter that will, in 
quite a few factories, disclose a big 
field for improvement. Proper start- 
ing devices must be made the rule 
on all motors and should preferably 


be of the totally” enclosed t \ In 





ed 





tions the armature starting retiat- 
ance should be automatically cut in 
in order to prevent blowing of fuses 


when starting. /Lhe_use of circuit 


breakers in connection with all mo- 


fors. other than those of fractional 


horsepower i is desirable practice, and 
is now quite reasonable in cost, since 
the introduction of the. Cutter Cém- 
pany’s— ‘U-Re-Lite_ breaker of small 


size that is enclosed in a steel box. 

e line survey covers an investi- 
gation of the different power and 
lighting mains and services s through- 
out the plant. This is to ascertain 
whether or a the existing lines are 
Cost 
of power ere is an item that may 
be surprising when calculated. for a 
heavily loaded circuit. Of f_course, 
the factors of copper cost and power 
cost must be properly considered in™ 
this matter. (in | any event, t, however, 
where the load is appreciable on any 
particular line_ the economy of re- 
placing the present ¢ conductor with a 
larger one should be carefully looked 
into, especially if_an extension is 
planned. This is very advisable now, 
whien copper is at its low mark,/'us-_ 
ing of the various branch circuits is 
often n carelessly done, and it will pay 
to examine all fuse blocks and see 
that they are now of proper size or 
are replaced by ones that have an 
adequate rating. 














Taking brush-pressure readings 
with a small, spring balance. 


A piece of fine copper wire is formed 
into a loop and the lower end caught 
under the pressure finger of the 
brush holder. The hook of the bal- 
ance is engaged in the upper end of 
the loop. The balance is then slowly 
raised so that the pull is straight up 
ste 4 the brush. The operator feels 

his finger when the pressure 
is taken up by the balance and notes 
the reading of the latter. 
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By A. C. Roe on 


Winding Small Motors 


With Some Different Type Coils 
Suitable When Stator Slots 
Are Partially Closed 


tially closed slots, four different 

kinds of windings are commonly 
used: (1) The basket winding; (2) 
two-layer diamond coils, one coil side 
per slot; (3) two-layer flat diamond 
mush coils, and (4) two-layer dia- 
mond mush pulled coils. Another 
type sometimes found is that having 
strap-copper conductors. These wind- 
ings will be discussed in the order in 
which they are named. 

A good idea of the way to put in 
a basket winding is showa in Fig. 1. 
This winding derives its name from 
its appearance. As can be seen, the 
coil ends interlace in somewhat the 
same fashion as the parts of a woven 
basket. 

In the first place, a basket winding 
can be used only where the number 
of slots is even. And in the second 
place, the number of slots spanned 
by a coil must be odd. In other 
words, the coil pitch must be 1 and 
4, 1 and 6, 1 and 8, 1 and 10, etc. 
(the last figure being always even). 
To check the pitch of a basket 
winding to see whether or not the 
coils may be put in with this pitch, 
the following scheme may be used. 


[: MODERN motors having par- 


Step-by-Step Details 
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Put down a line of figures like the 
middle line shown below to represent 
the numbers of the slots in the mo- 
tor. Below these put the numbers 
of the bottom sides of the coils. The 
coil numbers should be directly un- 
der the numbers of the slots in which 
the coils lie. As shown, coil No. 1 is 
below slot No. 1, coil No. 2 is below 
slot No. 3 (skipping one slot be- 
cause it is a basket winding), coil 
No. 3 is below slot No. 5, ete. After 








IN THIS ARTICLE A. C. Roe 
gives the details of shop methods 
for winding small two-phase and 
three-phase stators. These include 
directions for checking the coil 
pitch, insulating the core and slots, 
taping the coil ends, etc. The 
types of winding covered are the 
' basket winding; two-layer wind- 
ings with one diamond coil side 
per slot; the flat diamond mush 
coil; two-layer diamond mush 
pulled coils, and the winding with 
strap-copper conductors. This is - 
another contribution of practical 
information from Mr. Roe’s long 
experience in repair work. He is 
the shop superintendent of the 
Detroit Service Department of the 
Westinghouse Electric & Manufac- 
turing Company. 
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putting down the numbers represent- 
ing the bottom of the coils, place in 
a line above the slot numbers the 
numbers corresponding to the top 


side of the coils. Thus, in the ex- 
ample where the pitch is 1 and 6, the 
top of coil No. 1 is in slot No. 6, 
coil No. 2 is in slot No. 8, etc. 
Example for pitch 1 and 6: 


Top of coil No.. i 2 3 
Slot No................ 123d @ & 6:7 & 9 310: 11 ee 
2 3 4 5 6 


By completing the lines of figures 
it will be seen that with a pitch of 1 
and 6 each bottom and each top coil 
will have its separate slot. Taking 
a pitch of 1 and 7, however, we find 
it is impossible to wind the motor. 

Example for pitch 1 and 7: 


Top of coil No.. (* 2 3* 
Slot No................ 12834567 8 9 10 ll ete 
Bot.,° coil No....! 2 3 4 5 6 


*Qne coil side is already in these slots, and there- 
fore the winding is impossible with this pitch. 


The top of coil No. 1 will fall in. 
slot No. 7, which is already occupied 
by the bottom of coil No. 4. Like- 
wise, the tops of the succeeding coils 
will fall into; slots already occupied. 

Drawing C in Fig. 2 shows the 
shape of a basket-winding coil. The 
coil is wound mush on a shuttle. The 









482 


cell side, F, is at the bottom half of 
the coil and is made longer than £, 
the top, as the bottom has to be bent 
down. The leads are brought out on 
the long or bottom side. This makes 
the coil connections come on the 
outside. 


INSULATING THE SLOTS AND CORE 


In B of Fig. 2 is shown how the 
core should be insulated with fiber 
rings to protect the coils from the 
iron when they are shaped down. 
The insulation used consists of 0.023- 
in. fishpaper or combination paper. 
This combination paper has a fishpa- 
per base with treated cloth shellacked 
to it, making a good mechanical and 
electrical slot insulation. The cell 
should be cut about % in. to % in. 
longer than the slot and should be 
bent to conform to the shape of the 
slot, as shown in the close-up view, 
B of Fig. 1. 

Fig. 1 shows a 48-slot, 24-coil, six- 
pole motor, with a pitch of 1 and 6. 
Note in A of Fig. 1 that there are 
only two throw coils up. The way 
in which the throw coils are kept 
up is illustrated in A of Fig. 2, which 
represents the same winding as that 
in Fig. 1. As will be noticed, there 
is only one coil side per slot. Draw- 
ing a in A of Fig. 2 shows the first 
coil with only the bottom half put 
in slot No. 1. The top half is left 
up. The bottom half of the coil is 
then bent down as shown in B of 
Fig. 1 and B of Fig. 2. It is bent 
down in this way so that the slot 
adjacent to the right is left clear for 
the top half of another coil to cross 
and enter the slot. Then the wedge 
is put in. After the coil has been 
shaped it is taped with one layer of 
0.008-in. treated-cloth tape and one 
layer of 0.007-in. cotton tape, both 
layers being half-lapped. In putting 
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on the tape the slot cell and wedge 
are sealed with the tape as shown in 
B of Fig. 1. In other words, the 
tape is wrapped around the ends of 
the cell and wedge which stick out of 
the slot. The throw coils, when they 
are made, are taped only to the line 
X-X in A of Fig. 2. These ends are 
taped later, after they are put in 
place in the slots. All other coils 
are taped complete as they are first 
placed in the slots. 

After the first coil is in place, coil 
No. 2 is put in the second slot to the 
left, as shown in A of Fig. 2. An 
empty slot is left between coils No. 1 
and No. 2. Another slot is skipped 
and coil No. 3 is placed as shown. 
The top half of this coil can be put 
into a slot. This is allowable be- 
cause the top of No. 3 will fall in a 
slot next to the bottom of coil No. 1. 
Until this condition is reached, only 
the bottom half of a coil can be put 
into a slot. Continuing in this man- 
ner, it will be seen that the top of 
coil No. 4 falls in the slot between 
the bottom of coils No. 1 and 2. This 





Fig. 1—The coils lie like this in a 
basket winding. 

There is only one coil side per slot. 
The bottom sides of the coils are put 
in every other slot leaving the empty 
rr to accommodate the top sides of 
coils. 


Fig. 2—How the coils are inserted 
in winding a basket winding. 


The drawings at A show three steps 
in the winding. At B is a side view 
of a coil showing how the ends:are 
bent down. Notice also the fiber in- 
sulating rings which are used on 
some makes of motors to keep the 
coils off the iron. At C is the shape 
of the coils used in this winding. 
F being the bottom coil side and E 
the top coil side. 





is correct and the winding should be 
completed in this way. 


TWo-LAYER WINDING WITH ONE 
CoIL SIDE PER SLOT 


An example of the two-layer wind- 
ing having only one coil side per slot 
is shown in Fig. 5. This is a picture 
of the wound stator of a 72-slot, 36- 
coil, six-pole, three-phase stator hav- 
ing a two-layer, diamond-shape, one- 
coil-per-slot winding. 

This type of winding differs from 
a basket winding in that the coil is 
usually a pulled coil (mush) and dia- 
mond shaped, and that, in winding, 
as many slots are skipped as there 
are coils per group. In the basket 
winding, it will be remembered, only 
one slot is skipped before putting in 
each succeeding coil. Fig. 4 illus- 
trates the principle of the two-layer, 
one-coil-per-slot winding. The top 
drawing shows how the coils are in- 
serted if there are two coils per 
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group. The bottom half of the first 
two coils are put in slots 1 and 2, 
then two slots are skipped and two 
more coils are put in, etc. This is 
the grouping used in the winding in 
Fig. 5. The bottom drawing in Fig. 
4 shows a winding in which there 
are three coils per group. The gen- 
eral rule is: Put in adjacent slots 
as many coils as there are in one 


group; then skip the same number : 


of slots and repeat. 

The possibility of using a certain 
pitch may be checked in the same 
way as explained for a basket wind- 
ing. For instance, with the stator in 
Fig. 5 there are 72 slots and 36 coils. 
This is a three-phase, six-pole ma- 
chine and therefore there will be 
(8X6) equals 18 groups. As there 
are 36 coils, there will be two coils 
per group. 

If the pitch is 1 and 11, the check 
is as follows: 


Top of coil No.. ‘i. -% 3°64 
Set No. . ........... 123456789 10 11 12 13 14 15 16 
Bot., coil No.......1 2 34 5 6 7 8 


The tops of the coils fall in slots 
not occupied by the bottoms of coils, 
and therefore this pitch is practi- 
cable. However, a pitch of 1 and 12 
would not be possible, as shown in 
the following: 


Top of coil No.. Mes 3 
Slot No. 345678910 11 12 13 14 15 16 
Bot., 34 5 6 7 8 


*Falls in a slot already occupied. 


Before putting on this kind of a 
winding the slots are insulated as for 
a basket winding. Also, as each coil 
is put in place it is taped in the man- 
ner described for a basket winding. 


TWO-LAYER WINDINGS WITH FLAT 
DIAMOND MUSH COILS 


Windings using a flat diamond 
mush coil are the commonest in small 
stators. There are a number of dif- 
ferent ways of insulating and insert- 
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Fig. 4—Starting a two-layer wind- 
ing with one coil side per slot. 


The winding shown in the upper 
drawing has two coils per group. It 
is like that shown in Fig”’’5. In 
putting in the coils two slots are 
filled and then two slots aré' skipped. 
In the lower drawing* where the 
winding has three coils ‘per. group, 
three slots are filled and three slots 
are skipped. The empty:sléts will 


be filled later by the top sides of 
coils, et 








Fig. 5—Two-layer winding with one 
coil side per slot. 


This winding has two coils per 
group. It is put in the slots as 
shown in the upper drawing, Fig. 4. 





ing such coils. Fig. 3 (A, B and C) 
shows how the slots are insulated. 
A slot cell of combination insulation 
is used. This has a fishpaper base 
with tan treated cloth shellacked to 
it. The best thickness is a total of 
0.023 in. This cell is folded to fit the 
slot as shown, then a treated-cloth 
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slider (cell) is used to protect the 
wires as they are fed into the slot. 
After the bottom half of the coil is 
in place, the slider is pulled up to 
the top of the slot and cut off as 
shown in A of Fig. 3. The coil is 
then forced down to the bottom of 
the slot and the ends of the slider 
are turned over on the coil. A spacer 
or “willie” is then put on top of the 
coil as shown in B. This spacer can 
be flat or channel-shaped. For springy 
coils and tight jobs, the flat spacer 
wide enough to make a tight fit is 
the best. When it is hammered down, 
the edges bind on the sides: of the 
slot and hold the wires securely. The 
spacer, however, must not be made 
tight enough to tear the slot insula- 
tion. 

Another slider is put in for the 
top coil. When the coil is in place 
this slider is cut off and bent over 
the coil and a wedge inserted. The 
wedge can be flat or curved. For 
narrow slots the curved wedge is the 
better, as the flat wedge has a tend- 
ency to slip up. The curved wedge 
is made from 0.056-in. fishpaper. 

In Fig. 6 are shown three steps 
in winding with diamond mush coils. 
In “A” may be seen the condition in 
which the coil comes to the winder. 
The coil-is taped in the coil depart- 
ment, starting 1 in. on the bottom 
slot section and ending up on the 
end 1% in. outside of the top cell. 
The leads are brought out on the 
bottom of the coil 1 in. from the 
diamond point or nose. They are re- 
inforced with three turns of tape, 
thus sealing up this point and keep- 
ing out dust and dirt. 

In putting this coil into the slot, 
the winder spreads the bottom un- 
taped section of the coil out flat with 
his fingers, then starts the coil into 
the slot, putting the center of the 
bottom slot section into the corner of 
the slot as shown. Then the coil is 
pushed across the core until the part 
in the slot reaches the other end of 
core, when the coil drops down. It 
is now entirely down in the slot, but 
it sticks out too far at one end. It 
is brought back to its proper posi- 
tion by a sort of see-saw motion. 
After one gets the knack, he can put 
in a coil very quickly. 

The top half‘has to be threaded in 





Fig. 8—Slot insulation and end in- 
' sulation for coils. 


A, B and C illustrate the slot-insul- 
ating céll, the treated-cloth sliders, 
the fish paper, spacer. “willie” and 
the fiber wedge. At Dis shown how 
to cut: the treated-cloth triangles 
“ which*are placéd* betweem the ends 
of coils in the stator. 
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Fig. 7—-Throw coils tied back to al- 
low bottom side of last coils to be 
inserted. 


This is a two-layer winding with 
diamond mush pulled coils. 





a few wires atatime. For this rea- 
son, when the coil is being made the 
tape is not brought around the top 
cell bend. However, this bare por- 
tion must be insulated. This is ac- 
complished by placing one end of a 
length of 1-in. cotton tape % in. in- 
side the slot under the treated-cloth 
slider for the top side of the coil. 
This slider projects well out of the 
slot. After the coil is in place this 
slider and the tape form a lapped 
joint on the coil. This is well illus- 
trated in C of Fig. 8. The quickest 
way to get the wires of the top coil 
side into the slot is to use a 1/16-in. 
fiber drift as shown in B of Fig. 6. 
Start with the wire nearest the core. 
Push one end of this wire into the 
slot with the drift. Pressing down 
with the drift, slide it along the wire 
until it is forced into the slot. The 
principle to learn is to get the wire 
nearest the slot free from crossings 
with other wires. After it is once 
mastered, this method is a time 





Fig. 6—Putting in flat diamond 
mush-wound coils. 


The bottom side is started in the slot 
as shown at A. The top side of the 
coil is forced in, one wire at a time 
by the help of the fiber drift shown 
in B. The part of the top side next 
to the slot is insulated with cotton 
tape, which is inserted under the 
slider before the coil is started in. 
The picture at C shows how the 
short end of this tape is tucked 
down in the slot after it is passed 
over the coil. 
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saver. The tape is then wound 
around the coil and slider, forming 
a sealed junction. It is see-sawed 
up and down until the short end pro- 
jects about 114 in. above the iron. 
This end is then tucked down into 
the slot by means of a blunt and dull 
knife as shown in C of Fig. 6. Then 
the long end is wound around the 
bare part of the coil until it is cov- 
ered. The weakest spot in the wind- 
ing is at the end of a coil. Dust, 
etc., will accumulate at this point, 
and if the coils are not well taped a 
failure will result. 

Extra insulation is required at the 
point between two coils of different 
phases. One good way to furnish 
such insulation is to insert triangles 
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of tan treated cloth between the 


phase coils. Such pieces are shown 
in A of Fig. 6 and C of Fig. 8. These 
pieces of cloth are cut as shown in 
D of Fig. 3. The distance a equals 
the distance between outside edges 
of the coil plus 1 in. The length b 
equals the distance from the iron to 
the nose of the coil plus 1 in. A 
trial piece should be cut to the proper 
size. Then, using this as a guide, 
cut the cloth into squares as shown 
and cut these into two pieces along 
the diagonal. Insert one of these 
triangles at each énd of the coil be- 
fore putting the top side in the slot. 
The edges of the triangle are allowed 
to project until the winding is com- 
pleted. Then they are trimmed close 
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to.the coils. When properly. done, 
this makes a thorough job for mo- 
tors which must operate in dirty, 
dusty or damp places or in locations 
with metallic particles in the air. 

There are other methods of insu- 
lating the coil ends. One of these is 
used with coils which are not taped. 
The end insulation is then furnished 
entirely by the treated-cloth trian- 
gles inserted beneath each coil. This 
type of insulation is shown in A of 
Fig. 8. This method of insulating 
the coils is very quick and is satis- 
factory for most applications when 
the complete winding is thoroughly 
impregnated. For 110, 220 and 440 
volts, one thickness of 0.009-in. insu- 
lation is sufficient. It is not neces- 
sary to put an additional thickness 
between phases. 

Another method of insulating coil 
ends where extra phase insulation is 
required, due to dust, etc., is shown 
in B of Fig. 8. This consists in tap- 
ing only the last coil of each group 
with one half-lapped layer of 0.007- 
in. cotton tape in addition to the 
treated cloth between coil ends. 


Two-LAYER WINDING WITH DIAMOND 
MuSsH PULLED COILS 


The mush pulled coil is another 
type that is used on partly closed 
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. slots of stators. Such a coil is wound 


in layers but is not taped. It is tied 
together at each of the diamond 
points. These coils are fed into the 
slots in the same way as the flat dia- 
mond mush coils just described. The 
picture at the head of this article 
shows these coils. At the left is a 
complete stator, in the center are 
some of the coils and at the right is 
a stator partly wound. The coil ends 
are not taped but are insulated with 
triangular pieces of treated cloth, as 
already described. Fig. 7 shows how 
G 
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Fig. 9—How strap-copper coils are 
put into the slots. 
The figures on the straps indicate 


_ order of placing them in the 
slot. 
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the throw coils on this or any other 
type of winding may be tied back out 
of the way to allow the last coils to 
be put in the bottom of the slots. 
When winding any type of stator 
the less pounding that is done to 
shape the coil, the better.. It is the 
duty of the coil department to fur- 
nish coils of the right size. They 
should. not be smaller than the old 
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sample coil, a little larger, if any- 
thing. With a proper size and shape 
of coil very little pounding is re- 
quired, only a light tap at the nose 
of the coil and on the sides of the 
ends. 


THREADED-IN STRAP-COPPER COILS 


There are some stators having par- 
tially closed slots which are wound 
with coils made of strap copper. Fig. 
9 illustrates the methods of putting 
such coils in the slots. At c¢ 1s 
shown a three-turn coil with the slot 
opening in the center and just wide 
enough to pass one strap at a time. 
The numbers on each strap in the 
drawing indicate the order in which 
they are put in. At a, strap No. 1 
is put in and pushed over to the left 
as far as it will go. Then No. 2 is 
put in and pushed to the right, after 
which No. 3 is forced between 1 and 
2 as at b. 

At d is shown a two-turn coil in 
an overhanging slot. Bar No. 1 is 
put in and forced under the overhang 
of the tooth and then No. 2 is forced 
down straight. At c is a two-turn 
coil with the opening in the middle 
of the slot. The last strap has to 
be inclined a bit to get it in. 

Articles to be published later on 
the types of winding outlined here- 
in will explain the details of figuring 
the number of coils per group, in- 
cluding odd groupings and how to 
stub coils and connect windings. 





Fig. 8—Two-layer windings with 
flat diamond mush coils. 

At A none of the coils are taped. 
They are insulated from each other 
at both ends by treated-cloth tri- 
angles under every coil. At B the 
treated-cloth triangles are used and 
in addition one coil out of every 
three is taped to afford extra pro- 
tection between phases. At C all 
of the coils are taped and treated- 
cloth triangles are inserted at every 
point where two phases come to- 
gether. At the left of the last coil 
a slider is shown ready to receive the 
bottom side of the next coil to be 
inserted. Near the center is shown 
a slider ready to receive the top 
side of the coil. <A strip of 1-in. 
cotton tape is inserted under the end 
of this slider, projecting about % in. 
out of the slot. After the coil and 
wedge are put in, this tape is used 
to make a sealed insulating joint 
slider, wedge and coil. 


——— 


A Correction 

HIS opportunity is taken to 
thank several readers for calling 
attention to an error in the table of 
the “Capacity of Roof Ventilators” 
which appeared on page 371 of the 
August issue of INDUSTRIAL ENGI- 
NEER. The headings on the columns 
of capacity should have read “Cu. ft. 
per Hour” instead of Cu. ft. per 
Min.,” as given in this article. 
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THE RUGGEDNESS of modern 
electrical equipment cannot prevent 
occasional failure under the stresses 
produced by heavy overloads, the 
mistakes or carelessness of opera- 
tors, or some of the many mishaps 
which may occur to any equipment 
from natural wear and tear. 
article Mr. Spencer tells how the 
losses sustained in consequence of 
such failure may be fully covered 
by insurance policies. 


Protection 
From Loss by 


Breakdown 
of Electrical 
Equipment 


And Extent of 
Coverage That Is 
Afforded by 
Insurance Policies 


- By B. K. SPENCER 


Electrical Engineer, The Travelers Indem- 
nity Co., Hartford, Conn. 


electrical energy is the source of 

the power, light and perhaps heat 
required in the manufacturing proc- 
esses, the failure of an important 
piece of equipment may result in 
serious financial loss. The cost of 
putting the damaged equipment 
again into service may amount to 
many hundreds of dollars, but it is 
frequently equaled or even exceeded 
by the loss occasioned through the 
stopping of production and damage 
to parts or materials in process. The 
wide use of electrical energy, for in- 
dustrial purposes has, therefore, cre- 
ated a demand for a large number 
of new devices and also for an insur- 
ance policy that will protect the as- 
sured, the owner of these devices, 
from losses resulting from their 
failure. 

When we determined to write such 
insurance, it was decided at the out- 
set that the coverage on this policy 
must be of the very broadest pos- 


[: AN industrial works where 
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Wreck of motor-generator set after a short-circuit and subsequent explosion 


sible sort in order to give the as- 
sured no opportunity for dissatisfac- 
tion in connection with it. We have 
found in the past that the greatest 
dissatisfaction on the part of the 
assured has been because of incom- 
plete coverage. Every effort was ac- 
cordingly made to present a policy 
devoid of so-called “jokers,” and the 
result is a policy which is probably 
the broadest of any policy form writ- 
ten at the present time. 


PAYMENT OF INDEMNITY IS NOT 
DETERMINED BY CAUSE OF ACCIDEN'T 


In order to approach the ideal con- 
dition of complete coverage which 
has long been considered so desir- 
able by insurance companies, The 
Travelers decided upon a combina- 
tion policy form known as the Ma- 
chinery Policy. In this policy any 
electrical machines may be insured 
in the same contract with steam en- 
gines, steam turbines, water tur- 
bines,. flywheels and so on. Under 


electrical machines any type of elec- 
trical apparatus with the exception 
of lightning arresters, lifting mag- 
nets, heating elements, electric lamps, 
magnetic chucks, batteries and 
vacuum tubes may be insured. The 
assured wants absolutely complete 
coverage and this policy affords him 
as nearly as possible what he is after. 

Under the contract an agreement 
is made to indemnify the assured by 
payment to him or in his behalf in 
the event of an accident to any ma- 
chine insured, for loss or damage to 
the machine or other property of the 
assured for which he is legally liable. 
Liability for injury to public or em- 
ployees may also be covered, if so 
desired. Any “sudden, substantial 
and accidental breaking, burning out 
or disrupting” of the machine or any 
part of it which immediately neces- 
sitates shut-down of the machine, is 
termed an accident. | 

A little reflection will show that 
this policy is even breader than it 
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appears at first sight, because there 
is no mention of causes and the cov- 
erage is not, therefore, limited by 
causes. Of course, this policy does 
not contemplate payment of losses 
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plated to any or all electrical ma- 
chinery supplying such power. In- 
demnity is furnished up to a certain 
limit for each day of suspension of 
operation, and this indemnity may 





while machines are being operated ae for 100, 200, 400 or more days’ 


an extraordinary manner, such as 0 
test; nor does it pay for losses whi 
are specifically covered by other rec- 
ognized forms of policy, such as fire, 
inundation, strike, riot or civil com- 
motion. There would be no advan- 
tage in making a policy as broad as 
that. As it is the policy covers not 
only complete loss of the machine or 
a catastrophe, but also all burn-outs 
whether complete or partial and in- 
numerable small breaks which are 
usually repaired by the assured’s own 
men and which, therefore, constitute 
no extra expense, but nevertheless 
must increase the maintenance ac- 
count. These accidents are consid- 
ered as maintenance by the assured 
and in most cases constitute a large 
part of the total maintenance ex- 
pense. Protection by an accident 
policy, therefore, relieves the as- 
sured of a portion of this expense. 
In addition to the above there can 
be had special coverage known as 
Use and Occupancy, Consequential 
Loss, and Deductible Liability. Use 
and Occupancy is provided at an ex- 
tra premium to indemnify the as- 
sured for complete or partial loss of 
production resulting from an acci- 
dent to any of the machines listed in 
the policy and operated by the as- 
sured. It also covers the suspension 
of operation in his plant resulting 
from the kind of accident contem- 





ation, depending upon the amount 
oF insurance purchased. It may also 
commence on the eighth midnight 
after the accident or at a previous 
date, depending on the amount of 
premium paid. Consequential Loss 
provides indemnity, at an additional 
premium, against indirect loss re- 
sulting from an accident to the elec- 
trical machinery insured. The di- 
rect damage policy furnishes protec- 
tion against all damage resulting di- 
rectly from an accident or in a con- 
tinuous sequence of physical events, 
but when an accident sets up a new 
condition of affairs and as a result of 
this condition further damage event- 
ually results, such as the freezing 
of flowers in a greenhouse, due to a 
boiler explosion, this is called indi- 
rect damage or consequential loss. 
Deductible Liability allows a consid- 
erable reduction in premium provid- 
ing the assured agrees to pay the 
first $50, $100 or other amount of 
any loss to his machines. Any loss 
exceeding the deductible liability is 
paid for by the insurance company. 


EXAMPLES OF ACCIDENTS TO 
ELECTRICAL EQUIPMENT 


To illustrate the ease with which 
accidents may occur and the breadth 
of coverage under our policy, 1 would 
like to cite one or two incidents of 
damage brought about by various in- 
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significant causes and by conditions 
which are found very commonly. 

A certain electrical system in a 
large city was composed of several 
power stations, sub-stations and va- 
rious industrial plants. All of these 
units were connected together by 
transmission lines, with transform- 
ers at the industrial plants to reduce 
the voltage. A regular routine of in- 
spection was in force, but evidently 
the inspector on one of his trips 
failed to notice a loose contact on a 
disconnecting switch. This loose con- 
tact caused the switch to heat and 
thus increased the resistance until 
finally the switch-became red-hot and 
began to arc. The arcing set up dis- 
turbances in the way of high fre- 
quency surges which were immedi- 
ately transmitted to all parts of the 
system. 

Before the trouble was discov- 
ered and the operators realized the 
severity of the situation, the whole 
system was upset by violet fluctua- 
tions in the voltage and current, 
with the result that several motors 
in one industrial plant and other 
equipment in the power and sub- 
stations was burned out with a loss 
of several thousand dollars. 

In one plant several special motors 
were installed in addition to a good 
deal of other equipment. These mo- 
tors are called the multi-speed type 





A variety of damaged equipment 
waiting for the repairman. 

At the left, a transformer disassem- 
bled for repair. A corner in the re- 
pair shop of a large industrial works, 
on the right, shows the miscellane- 
ous nature of this work. 





488 


This generator was put out of com- 
mission by the breaking away of 
part of the frame. 





and have three separate windings, 
all connected by wiring to control- 
lers for regulating the speed. It was 
supposed that the contractors were 
sufficiently reliable to install this 
equipment without any danger of 
trouble later on, and in fact other 
reliable contractors might have done 
the same as they did, because of the 
extreme care necessary in installing 
the motors. At any rate, it was 
found on starting these motors that 
the operator frequently left the con- 
troller slightly off the notch in such 
a way that a short-circuit occurred 
and on several occasions severe dam- 
age resulted to the windings. One 
motor was burned out four times be- 
fore the trouble was definitely located 
and the proper remedy applied. 

In an industrial plant having 
nearly 200 small motors, a very se- 
rious loss occurred recently due tv 
the breaking down of the insulation 
in the transformers of an outside 
company from which power was pur- 
chased. Energy was taken from 
transmission lines passing the prop- 
erty and the voltage reduced by 
means of transformers in an outdoor 
sub-station. This installation repre- 
sented the very best modern engi- 
neering practice and was supposedly 
well protected, but a high frequency 
surge, overload or something caused 
the transformer to break down and 
burn out, and in the process 13,000 
volts were impressed on the secon- 
dary circuit and proceeded to run 
riot, picking out various machines 
without regard to their physical lo- 
cation on the lines and burning out 
their windings. On several of the 
22 machines burned out, the lami- 
nated iron core was so badly burned 
and pitted that entire replacement of 
the machine was necessary. 

In another plant similar to that 
mentioned above, the owners have 
struggled for years with a myste- 
rious and baffling problem which has 
caused thousands of dollars in losses 
to them. They are only now begin- 
ning to get control of the situation 
and they actually do not know now 
just what the remedy has been. They 
only know that innumerable experi- 
ments have been resorted to and the 
losses are now very infrequent, while 
the “symptoms” have disappeared. 
The principal symptoms were needle- 
point punctures of the insulation on 
most but not all of the machines at 
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regular intervals around the wind- 
ings, with severe sparking and flash- 
ing on the windings at certain pe- 
riods of starting. Some of the rem- 
edies resorted to were improvement 
of the grounding system, changes in 
motor starters, regulation of voltage 
and even the reconnecting and divid- 
ing of the load on the transformers 
supplying the power “in order to 
change the impedance of the con- 
nections. 


INSURANCE RATES WERE BASED ON 
CAREFUL STUDY OF OPERATING 
RECORDS 


The cases mentioned do not begin 
to touch on the various causes of ac- 
cidents.. Every operating engineer 
will testify that almost no two acci- 
dents are the same in dealing with 
electrical equipment. Each accident 
is a separate and distinct problem in 
itself so far as the determination of 
the specific cause of the trouble is 
concerned. In the majority of cases 
the cause-remains more or less a 
mystery, and the most it is possible 
to do is to: get an idea as to the gen- 
eral nature of the trouble. Surges 
on the line, lightning, breakdown of 
insulation, overloads, high and low 
voltage, starting strains and synchro- 
nizing, loosening of the coils and 
parts of the machines and the me- 
chanical failure of the rotor are a 


few things which may result sooner. 


or later in breakdowns, burnouts or 
complete disruption’ of the unit. 


- In order to insure all classes of 


electrical equipment and to deter- 


mine the correct rates for each, it 
was necessary for our engineers to 
make a detailed study in co-operation 
with other engineers, for the pur- 
pose of arriving at a rate which was 
adequate and yet not excessive. In- 
surance rates should be based on in- 
surance experience, but lacking this, 
the next best thing was to take ac- 
tual operating experience over as 
broad a spread as we could possibly 
obtain, and use it as a basis. About 
a year was spent on this work and 
a very large volume of experience 
was recorded. A questionnaire form 
was made out and sent to all classes 
of operating companies and they 
gave us a record of the different ma- 
chines in operation, the length of 
time. operated, number of accidents, 
extent of loss, and so.on. By col- 
lecting this data, analyzing it and 
drawing up curves, we were able to 
determine a loss frequency and ex- 
tent of loss for all different classes 
of equipment. It is not sufficient 
merely to reflect the probable extent 
of loss for one accident; it is neces- 
sary also to reflect the probable loss 
frequency. Some machines break 
down frequently, but all of the losses 
are small; others run along for years, 
but when they do fail the result is 
disastrous. It was necessary; there- 
fore, that the rates reflect all condi- 
tions and it is believed that this was 
accomplished. It is not possible to 
go into all the, details of arranging 
the losses or the method of calculat- 
ing the rates, but it may be said that 
a great deal of time was spent in try- 
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ing to simplify the method of rating 
without sacrificing its flexibility and 
accuracy. 

Everything about the rating sys- 
tem was arranged and laid out just 
as one would lay out a power plant 
with the idea of allowing for future 
expansion. The more common types 
of machines were arranged in a 
Classification Schedule, as shown, 
generators, motors, transformers, 
and so on, of different kinds of 
currents and different voltages being 
given certain classification numbers. 
These numbers refer to different 
classification tables in which the in- 
surance rate varies about 10 per 
cent per table. In other words, 
starting with Table 10 as a basis, 
Table 11 was made by increasing the 
rates about 10 per cent. 

In the classification tables referred 
to above there are given insurance 
rates. for machines of different ca- 
pacities and different speeds. There 
are two steps to be taken in obtain- 
ing these rates; first we take the 
Object Rate and to that add an in- 
surance rate which is one per cent 
for each $1,000 of insurance apply- 


ing to the machine in question. The | 


Object Rate reflects the hazard of 
different types and capacities of ma- 
chines- on account of their varying 
costs of replacement and the Insur- 
ance Charge reflects the additional 
hazard on account of excessive limits 
of insurance, which of course in- 
creases the company’s liability, for 
possible damage to. surrounding 
property. If public or employees are 
covered there is another charge 
which must be added, and for each 
risk, regardless of the number of 
machines operated, we have a loca- 
tion charge of a few dollars. 

At the present time miscellaneous 
equipment such as_ switchboards, 
feeder regulators, oil switches, re- 
actor coils, and so on, are placed in 
a group called Miscellaneous Non- 
Rotating Equipment, but just as fast 
as it is possible to obtain the neces- 
sary insurance experience on this 
equipment it will be specifically 
rated, placed in the classification 
schedule and given a classification 
table number. In this way the rate 
may be adjusted for different classes 
of machinery and for different con- 
ditions of operation so that one class 
of equipment will not suffer from 
higher rates on account of poor ex- 
perience on another class. For in- 


stance, it may be necessary to in- 
crease our rates for oil switches, but 
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that will not necessarily increase 
rates for motors or generators; in 
fact, it may be found possible to 
decrease these rates. 

A statistical system has been 
worked out and is being followed 
very closely on all risks, so that after 
two or three years’ experience it will 
be possible to tell exactly what the 
rate should be for all classes of ap- 








Classification Schedule 
Showing Principal 
Divisions Only 


Generators 
Alternating Current 
5,000 volts or less 
Over 5,000 volts 
Direct Current 
300 volts or less 
301 to 750 volts 
751 to 1,500 volts 
Over 1,500 volts 
Motors 
Alternating Current 
750 volts or less 
751 to 5,000 volts 
Over 5,000 volts 
Direct Current 
300 volts or less 
301 to 750 volts 
751 to 1,500 volts 
Over 1,500 volts 
Rotary Converters 
«D..6. voltage 300 or less 
D. c. voltage 301 to 750 
D. c. voltage 751 to 1,500 
D. c. voltage over 1,500 
Transformers 
Single-phase 
~ 2,400 volts or less 
2,401 to 6,600 volts 
6,601 to 22,000 volts 
Over 22,000 volts 
Three-phase 
2,400 volts or less 
2,401 to 6,600 volts 
6,601 to 22,000 volts 
Over 22,000 volts 




















paratus, all conditions of operation, 
all types of plants, all geographical 
locations and so forth. In the fu- 
ture, as the volume of business in- 
creases and losses accumulate, insur- 
ance experience can be drawn from 
the records and the rates revised as 
needed. From the indications of the 
last six months, however, it is prob- 
ably safe to say that very little re- 
vision will be needed in the rates of 
most types of apparatus. 


. ENGINEERING AND INSPECTION SERV- 


ICE HELPS TO PREVENT 
ACCIDENTS 


As the number of users of elec- 
trical energy increases, a larger num- 
ber of inexperienced operators are 
encountered and the number of acci- 
dents from causes which can be con- 
trolled by instructive literature and 
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recommendations resulting from in- 
spections likewise increases. Smail 
and medium-size users of electricity 
often buy equipment from the manu- 
facturers and take it for granted 
that this equipment is made “fool- 
proof,” so that all they have to do 
is to connect it up with a few wires 
and throw in a switch, and forever 
after obtain power in unlimited quan- 
tities without any trouble whatso- 
ever. Sometimes they are fortunate 
and have very little, if any, trouble, 
but usually they have a large num- 
ber of accidents and immediately try 
to place the blame on the manufac- 
turer. In this connection, I wish to 
emphasize the need of co-operation 
on the part of the manufacturer in 
this new line of insurance. Our pol- 
icy covers all accidents, regardless of 
whether these are caused by faulty 
construction and materials, and for 
this reason it protects the manufac- 
turer against unreasonable demands 
by a customer for payment of losses 


-which are due entirely to poor op- 


erating conditions. There is every 
reason to hope for this co-operation 
and it is already being received to 
some extent. 

One class of accidents is referred 
to above and consists of those due 
to neglect or ignorance on the part 
of the operator. There are other 
classes of accidents, however, which 
are almost, if not. quite, uncontrol- 
lable. In this class come burnouts 
and breakdowns caused by lightning, 
surges on the line, operators’ mis- 
takes during periods of extreme 
stress and similar mishaps. Such ac- 
cidents require. an entirely different 
scheme of treatment, but it is felt 
that their frequency can be reduced. 

Most persons are more or less fa- 
miliar with the service which is 
granted under our Boiler Policy, and 
it is generally agreed that this serv- 
ice is of inestimable value to the as- 
sured and in some cases of even 
more value than the protection af- 
forded by the policy. In many cases 
boilers are insured for the inspection 
service alone. There is quite a dif- 
ference of opinion among various in- 
surance companies as to what form 
the engineering and inspection serv- 
ice should take in the case of elec- 
trical machinery, but, of course, 1 
can only cite what The Travelers’ 
plan is in this respect. 

Boiler engineering and inspection 
service is a mechanical proposition 
and our problem is really to satisfy 
our engineering requirements either 
by specification, supervision of man- 
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Insurance Inspectors’ Report Sheets 
The fronts and backs of the two sheets A and C make a 


continuous record, the sections reading in the order shown 
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The Travelers Indemnity Company 


Hartford, Connecticut 


PoLicy issued 
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ufacture and finally test in the shop, 
or by a rigid inspection by trained 
men under actual operating condi- 
tions, and recommendations which 
will bring the boiler up to our engi- 
neering standard from a mechanical 
viewpoint. Care and management is 
very important, of course, but it is 
not given as much weight as in elec- 
trical machinery insurance. 


INSPECTIONS SET A GOOD EXAMPLE 
FOR OPERATORS 


With electrical machinery the 
proposition is entirely different. A 
motor or a generator is a mechanical 
as well as an electrical machine, to 
be sure, but the best make of motor 
or generator, if put into operation 
and subjected to poor operating con- 
ditions, dust, gas, heavy starting 
duty, overloads, or otherwise abused, 
is no more immune to trouble than 
@ poor grade machine. There are 
innumerable things to be considered 
not only as regards the manufac- 
turer of the equipment, but also the 
operating conditions, care and man- 
agement and so on. In other words, 
our service in this line is mainly an 
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engineering problem and not to such 
a degree a question of inspection of 
the mechanical condition of individ- 
ual machines. 

By this I do not mean to imply 
that we do not give inspection serv- 
ice. Inspections several times a year 
are valuable, not because they keep 
the machines from breaking down, 
but because they set a good example 
to the operators and operating engi- 
neers and create an incentive to bet- 
ter operating conditions. We call 
this the improvement of the moral 
hazard. Tests of machines and de- 
tailed inspections from a mechanical 
standpoint are valuable only in so 
far as they teach the operators them- 
selves to do the same sort of inspect- 
ing at much more frequent intervals. 
Most plants require inspection of 
some of the equipment at least every 
day; other inspections must be made 
weekly or monthly. Our problem is 





This engine was so completely 
wrecked that it was hardly worth 
repairing. 


Two workmen were killed and con- 
siderable damage was done to the 
building and nearby equipment. 
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to give the assured engineering serv- 
ice, but not to the extent of perform- 
ing the actual installation and test 
of his equipment. In this réspect 
we are like the consulting engineer 
who is called in by a client, makes a 
thorough investigation of his equip- 
ment, operating conditions and the 
like, but does no more than report 
on conditions, write specifications 
and supervise the changes. The 
client must arrange for the rest. 
Similarly, our engineering service 
takes the form of a survey and 
analysis, with recommendations, 
after writing the business, which 
will tend to improve the general con- 
ditions surrounding the risk and to 
reduce the number and extent of the 
losses. 

One of our big problems in this 
line is to keep the good will of the 
assured and all employees of the as- 
sured to the extent that they will be 
anxious to co-operate with our in- 
spectors and carry out the sugges- 
tions sent them by correspondence. 
In this way real results can be ob- 
tained. No matter how good our in- 
spection (Continued on page 507) 
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mean far better lighting at no more and probably less 
cost through correcting the conditions that reduce lamp 
life and crediting this waste to the cost of light energy 
actually required and used. 
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OME interesting com- 
ments on this subject 
_ were presented by John W. 

Lieb in a paper presented 

early this month before the 

Illuminating Engineering 
Society. Mr. Lieb pointed out that definite information 
on filament fragility is entirely of laboratory origin. 
He said: 

It is known that all tungsten filament lamps are 
relatively sturdy when new, but become fragile after 
some hours of operation and increase in fragility there- 
after as they are burned. This effect is accelerated if 
the lamps are subjected to vibration or jar. Perhaps 
the most reliable indication of fragility is that deduced 
from the operation upon stationary racks supplied with 
respectively 60-cycle current and direct-current, ‘and 
afforded by filament breakage in incidental handling 
for photometric testing of lamps which are being life- 
tested. * * * Among the Mazda B lamps the mortal- 
ity rates are quite similar for the first 800 hours, after 
which failures among lamps on alternating current 
occur with increasing frequency, while the mortality 
rate does not change much throughout.on direct cur- 
rent. Among the 100-watt Mazda C lamps, those oper- 
ated on direct current are characterized by more fail- 
ures during the first 900 hours and subsequently by a 
lower rate of failure. 

The statistics of these failures, classified in 200-hour 
periods, with data adjusted to efficiencies necessary to 
yield a total life of 1,000 hours upon 60-cycle current, 
show a greater concentration of failures between 600 
and 1,200 hours among lamps operated upon alternating 
current with fewer relatively long lived-lamps. 

While only relative and comparable laboratory per- 
formance of tungsten lamps in alternating and direct 
current service is given, the information emphasizes 
the importance of paying attention to lamp life in a 
large works where thousands of lamps are used. If 
lamps are not giving an average of better than 600 
hours’ service, this is evidently an indication that an 
investigation with the aid of a lamp specialist of one 
of the lamp manufacturers would save a considerable 
sum through the adjusting of the lighting installation 
to make it better suited to the particular conditions 
that may be present. Too frequently comparisons for 
corresponding periods of lighting bills and costs of 
new lamps replaced are the only check given on lamp 
service in industrial works. A survey of lamp life 


Mortality of 


Lamps in A. C. 
and D. C. Service 











and an analysis of the entire lighting installation may 


‘ucts in production at machines. 


HERE is a lot of pro- 

Production duction insurance that 
Insurance— goes under some other and 
What Is It? more confusing name. For 
instance, in a steel mill 











rolling rails the stopping of 
the driving motor and the chilling of the metal calls 
for some fast work with considerable loss under the 
best of conditions. Likewise when the fuses of a crane 
motor blow with a ladle of hot metal on the hook, the 
reheating of this and the time lost represents a definite 
and measureable waste. In both these cases the insur- 
ance against this waste comes back to the thing that 
breaks the circuit, the lack of it in an adequate type 
or inadequate inspection of the motor service. 

In one plant where production insurance is provided 
by the best of engineering thinking in the installation 
of equipment and the inspection and maintenance of it 
in operation, something like $750 worth of spare parts 
are kept on hand for every five-ton hoist that is used. 
This is insurance at the rate of about 30 cents an hour 
for eight hours of operation every day in the year with- 
out service interruptions that will show a handsome 
return on the money invested if more than two inter- 
ruptions are prevented in a 12-month period, where the 
hoists are used in keeping up a uniform flow of prod- 
This familiar bit of 
wisdom, “a stitch in time saves nine,” is a good inter- 
pretation of production insurance. 

sc planpiliimnatitbecnds 





HE losses occasioned 

in this country by fire 
amount to hundreds of mil- 
lions of dollars annually 
and constitute one of our 
largest and most serious 
sources of economic and industrial waste. 

Fire is,an ever-present danger in every industrial 
works and can cause as much or more damage and 
loss than. any accident or mishap that is ordinarily 
encountered. One reason for this is that while the 
loss from the actual destruction of property by fire 
may be large, the incidental or indirect losses are fre- 
quently just as large, or even greater. The damage 
caused by water, heat or smoke to materials and equip- 
ment, the stoppage of production, with the consequent 
loss of business through inability to fill orders and, 
finally, the disruption of the organization which inevi- 
tably follows any prolonged shutdown, are some of the 
expensive accompaniments of a bad fire. 

Largely in memory of the great Chicago fire, October 
has come to be known as fire prevention month, and 
unusual attention is paid in the daily press, the publi- 
cations of various associations and otherwise to the 
importance of paying attention to precautions that will 
reduce fire hazards as much as possible. 

From one standpoint at least this month is particu- 
larly appropriate for such a campaign. Cold weather 
is only a few weeks off, and although fire hazards, on 
the whole, may not be much if ‘any greater. during the 
winter months, snow, ice and freezing weather delay 


W hat and W here 
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and make much more difficult the work of the fire- 
fighters. In consequence, fires in the winter time are 
liable to be much more disastrous. 

Fires are not, however, prevented by legislation or 
resolutions. Effective measures include the location 
and study of unusual hazards, with the object of mini- 
mizing them as much as possible, the prompt removal 
of inflammable waste or refuse and, in general, rigid 
observance of the requirements prescribed by insurance 
companies and city ordinances. 


—_—~———— 


NYONE can place an 

order for a motor or 
switchboard from a cata- 
log number, but the in- 
telligent selection of elec- 
trical equipment in general 
is a matter which often requires more care and study 
than it is accorded. The extensive use of electric serv- 
ice in industrial works has called for the application of 
motors and other equipment under practically every 
conceivable condition of service. As a result of this 
demand there has been developed a wide variety of 
equipment built to meet special conditions and needs, 
and new designs are constantly being placed on the 
market. The purchaser of equipment is, therefore, 
confronted with the task of selecting from many de- 
signs those which will best meet his requirements. 

The first step toward obtaining equipment which will 
give satisfactory service is to determine just what 1s 
to be expected of it. This involves a thorough analysis 
of the character of the load and any other conditions of 
service which have a bearing on the operation of the 
equipment. A preliminary survey of this nature will 
do much to prevent costly mistakes or even dissatisfac- 
tion with the performance of the equipment after it is 
installed. In the selection of apparatus, particularly 
that which is in any way special or intended for use 
under unusual conditions, it is always advisable to ob- 
tain the recommendation of the manufacturer as to the 
type or design best suited for the purpose in hand. The 
same thing is true of the installation and operation of 
the equipment. The manufacturer knows best how his 
devices should be handled in order to give the results 
provided for in the design, and it is only the part of 
wisdom and a matter of fairness all around to take 
advantage of information he can readily supply. 





There’s a 
Reason for 


Every Misfit 











Fa aeteormea es 
AVE you looked over 

When Was the your lineshafting 
Lineshaft Last lately? One man, with 
Tested Out? many years of experience 
° in investigating the power 








transmission elements in a 
large number of industrial plants, recently stated that 
not one plant in a dozen ever did more than just put 
a little oil into the hanger and countershaft bearings 
and loose pulleys once in a while. They did that only 
because to neglect it meant trouble—burned bearings 
and hot boxes. But there are other troubles some of 


which are not so obvious but nevertheless apparent to 
those who know the signs. : 

For example, a line of pulleys and shafting which 
squeak and squeal when starting or stopping shows 
that something is wrong for mechanical things, like 
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people, seldom “holler unless they’re hurt.” An in- 
vestigation probably would show that even with all 
the belts off a man could hardly turn the lineshaft. 
Tests would show definitely how much power is used 
simply to operate the lineshaft—a non-productive 
power consumption which goes on every minute the 
motor or other driver is running. The remedy is to 
align the bearings so that the shaft will turn easily; 
or better still, to install more efficient bearings which 
will give an additional and continuous power saving. 

Another continuous waste is the gradual slowing 
up of the system due to adding a heavy friction load 
and to increasing the number of machines, thus slow- 
ing up the lineshaft. When a plant is built the line- 
shaft speed is fixed at, say, 250 r.p.m. From then on 
for years each aditional machine has its pulley sizes 
computed on the basis that the shaft still operates at 
250 r.p.m. It may, but chances are that the shaft 
speed is much less, and every machine dependent upon 
it for power is operating 5 or 10 or perhaps 25 per 
cent slower than it should. A speed indicator on the 
lineshaft will tell the tale and can (and should) be 
applied when the plant is operating under load. In- 
creases in production of 15 to 20 per cent have been 
made by bringing lineshaft speeds back to normal. 

These two tests are easily applied and so offer no 
excuse for their neglect. When were they applied last 
in your shop? ' 

eee a eee 

N LINE with the atten- 

tion which is being 
directed toward economies 
in industry, the next semi- 
annual meeting of the So- 
ciety of Industrial Engi- 
neers will be devoted to this subject. This will be held 
October 18, 19 and 20 at the Hotel McAlpin, New York 
City. At this meeting the fundamentals necessary to © 
maintain maximum production with a minimum effort, 
waste and cost will be treated by a large number of 
well-known executives and engineers. All meetings 
will be open to the public with no registration fee. 

Some of the subjects covered are as follows: “The 
Relation of Economics to Industry,” by Joseph W. Roe, 
president of the Society; “The Importance of the Elim- 
ination of Waste,” by Robert B. Wolf, a member of the 
Hoover Committee on Waste in Industry; “The Indus- 
trial Situation in Russia,” by Royal R. Keely, consult- 
ing engineer, who has just returned from a two years’ 
work on the reorganization of factories in Russia, and 
the “Economic Aspect of Production,” by Ernest F. 
DuBrul, general manager of the National Machine Tool 
Builders’ Association, Cincinnati. 

A continuation of the discussion on “The Measure- 
ment of Management” which was brought up at the 
Detroit Convention will be carried on at this meeting. 
Another feature of these meetings will be the discussion 
on Thursday afternoon by executives and workmen on 
“How Can We Reduce Production Costs?” 

In recognition of the importance of material han- 
dling in the “economics of industry,” considerable atten- 
tion will be given to this subject with the last meeting 
devoted wholly to this. The subject will be discussed 
under the following heads: (1) Tractors, (2) Trucks, 
(3) Overhead Conveyors, (4) Gravity Conveyors, (5) 
Belt Conveyors and (6) Portable Elevators. 





The Economics 
of Industry— 
Topic of S. I. E. 
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Who Can Answer 
These? 


Remagnetizing Magnets—Please show a 


good method for remagnetizing mag- 
nets such as used in magnetos and 
kilowatt-hour meters. 

Dixon, Ill. G. L. H. 


* * * *# 


Tracing Connections of Motor Winding 
—wWill someone explain how the con- 
nections of a small motor armature 
can be traced out when an insulating 
compound is used that completely 
covers up the leads and connections 
at the ends of the armature? 
Brooklyn, N. Y. jee id 


* * *& * 


Rates When Renting Motors—On page 
348 of the July number, W. M. Price 
answered a question in regard to 
charges for maintenance service. I 
would like to know what his company 
charges for motor rent or what other 
companies charge for that service. 
Walla Walla, Wash. W. H. H. 


*. * & * 


Changing Single-Phase Motor to Three- 
Phase—I wish to change a Wagner 
motor over from single-phase to three- 
phase. What will be the require- 
ments? Should I short-circuit the 
commutator? “Will there then be 
enough copper in the rotor? I shall 
have to change the stator and dis- 
tribute the winding from four concen- 
trated poles to four or six distributed 
poles. Should I use the same length 
and gage of wire to do this or should 
I figure on more wire and a smaller 
size? The motor has No. 12 or No. 18 


in the fields now. 
Ardmore, Okla. R. W. McMurry. 


* *+ * * 


Crane Collector Wires—On a five-ton 
alternating-current crane, having a 
bridge or cross travel of about 50 
feet, we have experienced consider- 
able trouble with the collector wires 
sparking at the contacts. Both types 
of collectors have been tried out: 
namely, shoes and wheels, and we 
have been forced to use flexible cables 
to do away with standard collecting 
device. 

Can readers tell us what the trouble 
is and how they overcome such diffi- 
culties in practice, for we do not feel 
it should be necessary to resort to, the 
method we have adopted? 

New York, N. Y. M. K. 


and Answered 


by Readers 


Here is a place where you can get some inside infor- 


mation when you get stuck. The only restriction is that 
you do a good turn to the other fellow when he asks a 


you 
can answer from your 
experience. y 


Making Equipotential Connections—In 
the book by D. H. Braymer on Arma- 
ture Winding and Motor Repair, page 
22, the statement is made, “With lap 
windings, one ring for every 6 to 12 
segments is common practice, but this 
is scarcely feasible when the number 
of pairs of field magnet poles is 
greater than the number of sections 
of armature winding in parallel, for 
here the potential pitch may be fairly 
large and the number of rings be- 
comes prohibitive.” In the case of a 
large generator having 200 or more 
segments we would have a very large 
number of rings and they would form 
a bulky mass. I would like to see 
an explanation of how to make these 
equipotential connections for a par- 
ticular case, showing how the taps 
are made. 
Brooklyn, N. Y. je 


—o———. 


Answers Received 
To Questions Asked 


Changing Winding of Induction Motor 
—What changes should be made in 
rewinding a three-phase, four-pole, 
220-volt, 20-hp. induction motor for 
operation on a two-phase, 440-volt 
circuit? The original stator has 48 
slots with 48 coils of 14 double turns 
of No. 14 wire connected two-circuit 
delta with a throw of 1 and 10. 
What would be the result if only the 
throw of the coils is changed to 1 


and 12? . 
Fairfield, Me. M. D. B. 


The 20-hp., 220-volt, 3-phase, 4- 
pole induction motor described may 
be rewound for operation on a 2- 
phase, 440-volt circuit as follows: 
Use 10 turns of two No. 12 wires 
in parallel per coil. Connect six 
coils together per phase, per pole. 
Use same coil of 1 to 10 as before 
and connect the motor single circuit, 
2-phase. The above is based on the 
3-phase data given being correct and 
it being understood that the 3-phase 
coils had two wires No. 14 in par- 
allel with 14 turns each. If there is 
enough room in the slots, No. 11 
wire be better still than No. 12. 

Omaha, Neb. W. E. PAULSEN. 


Qovitienl GAS 





Why Does Verdigris Form Inside Coils? 
—In using baking varnishes, we have 
found that not infrequently verdigris 
forms on the coils of motors in the 
slots, and also on the lower windings 
of magnet coils. (1) Does it impair 
the insulation? (2) Does it lessen 
the life of a motor or coil? (3) Can 
it be avoided by using clear var- 
nishes? (4) Is a good grade of black 
varnish as likely to form verdigris 
as clear baking varnish? 

Springfield, Mass. Ju. TT. 

The questions by J. B. T. cover 
the usual manifestations of corro- 
sion caused by or blamed on insulat- 
ing varnishes, and the better way to 
answer your several questions would 
be to give you some information as 
to the cause of this corrosion or 
verdigris. 

Corrosion is frequently caused by 
the free acid in the varnish, and 
consequently, if the insulating var- 
nish has a high percentage of free 
acid this acid will act on the copper 
of the coil and develop a malignant 
type of corrosion which will break 
down the insulation because it pene- 
trates through the cotton and the 
varnish film. 

Some insulating varnishes, par- 
ticularly those which are made up 
principally of linseed oil, will have a 
high acid number unless, of course, 
this particular defect is taken care 
of by the manufacturer. The free 
acid of a varnish is much more 
active in the presence of moisture 
and consequently, if the coils are not 
thoroughly dried out before the in- 
sulating varnish is applied the mois- 
ture present in the cotton will em- 
phasize this corrosive effect and the 
insulation will be damaged. 

If, however, the insulating varnish 
is a low acid number and would not 
of itself cause corrosion, but the 
coils have not been thoroughly dried 
out, the varnish would develop a film 
over the moist cotton, and in this 
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way would trap the moisture be- 
tween the varnish film and the cop- 
per and in turn this copper acting 
on the organic materials in the water 
would develop a copper salt of a yel- 
lowish green color which is not 
malignant and really has no particu- 
lar deleterious effect. This is the 
usual type of corrosion encountered. 

Your first question would indicate 
that your coils were not dried out 
sufficiently before being dipped, be- 
cause the corrosion mentioned is in 
the lower windings of magnet coil. 
The coil should be heated thoroughly 
at a temperature in excess of the 
boiling point of water, and the writer 
usually suggests 220 F. or 105 C. It 
is also quite possible that you are 
using the wrong type of varnish for 
the deep coils. 

(1) Does corrosion impair insu- 
lation? This is answered above. 

(2) Does it lessen the life of a 
motor or coil? Obviously. If it is 
due to the presence of acid or the 
presence of considerable moisture. 

(3) Can it be avoided by using 
clear varnishes? The color of the 
varnish is immaterial if the varnish 
is correctly compounded and is ap- 
plied in the proper manner. 

(4) Is a good grade of black bak- 
ing varnish as likely to form verdi- 
gris as a clear baking varnish? 
Surely. But you cannot see it in the 
black. 

The writer would suggest that you 
use a varnish either clear or black 
with an acid number not exceeding 
4; that you dry out your coils per- 
fectly; that for deep coils you use 
a varnish with a Chinawood oil base; 
and that your heating and baking 
temperatures be not less than 100 C. 
or 212 F., and not in excess of 115 C. 
or 240 F. - CHARLES A. BARKER. 

Managing Engineer, 

Dutchess Bleachery, Inc., 


Wappingers Falls, N. Y. 

* * * s 
Grounding Distribution Circuits.—Please 
publish the following to be answered 
by some of your readers: In our 
plant we have a 3-wire system for 
lights, of which the neutral wire is 
grounded at the transformer. The 
National Code reads: “If a system 
is grounded at the transformer it 
must also be grounded at each dis- 
tribution box, or at intervals through 
the plant.”. We do not happen to 
have the grounds at intervals in the 
plant and that is where part of our 

trouble lies. 

I was called to repair some lights 
in one of our departments with the 
complaint that some were very 
bright and others very dim. Upon 
arriving there I turned out all lights 
and took each one separately. Cir- 
cuit No. 1 did not light; circuit No. 
2 was burning about 220 volts, or 
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twice normal; circuit No. 3 burned 
normal. Upon changing circuit No. 
2 to normal, circuit No. 1 also burned 
normal. Can anyone explain this? 
What good is the ground at the trans- 
former without other grounds at in- 
tervals throughout the plant? What 
harm could result should the perma- 
nent ground be removed? 
St. Louis, Mo. E. H. 
If I had a diagram of the circuits 
in question I could probably tell more 
about the trouble, but as it is I can 
only offer suggéstions. I presume 
that the circuit is about as shown 
in the accompanying sketch. If a 
fuse should blow or an open circuit 
occur at (b), the current would flow 
through lamps (c) and (e) -in par- 
allel and in series with lamp (d), 
with the result that (d) would burn 
bright and (c) and (e) dim, due 
to the unequal resistance in series. 
The single ground at the trans- 
former has no effect on the lamps, 
but if ground connections are added 
on the neutral throughout the plant 
as at point (a) it would make a more 
substantial neutral and less subject 
to trouble, as two grounds would 
bridge a possible open circuit in the 








Points to look for trouble mentioned 
by E. H. on 8-wire circuit. 





neutral. The above may not ex- 
actly illustrate your case, but it 
would be wise to check the neutral 


for bad connections or blown fuses. 
Omaha, Neb. W. EB. PAULSEN. 


* * * * 

In the September issue of INDUS- 
TRIAL ENGINEER, under grounding 
distribution circuits, E. H. describes 
a trouble which is not caused by the 
ground connections. The fault in 
the system is that the neutral con- 
nection is open, most likely caused 
by a burned-out fuse or a loose con- 
nection at the fuse or switch. 

The accompanying diagram ex- 
plains just how the “open” neutral 
will affect a three-wire lighting sys- 
tem. By turning on the circuits in 
the order named by E. H. the reason 
for the peculiar action of the lights 
is readily understood by tracing out 
the circuits shown. From the de- 
scription given by E. H. it would 


appear that the actual load on cir- 


cuit No. 1 was approximately equal 
to the combined loads on circuits 2 
and 8 at the time he turned them on. 
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Unless the secondary distribution 
from the transformer takes care of 
a load distributed over an extensive 
area, the one ground connection on 
the secondary neutral at the trans- 
former and the grounding of the . 
transformer case, if properly made, 
is sufficient. 






neutral connection 


: Ground connection 
Transformer -_aWWWWWW—~-Transformer 
secondary primary 


Circuit conditions when 3-wire neu- 
tral is opened. 





In the September issue of the IN- 
DUSTRIAL ENGINEER, page 449, the 
writer gave a table showing the size 
of wires required for ground con- 
nections. The ground connection is 
not called upon to carry current ex- 
cept when some abnormal condition 
of the system occurs and its real 
purpose is to protect the system 
against excessive voltage. The 
ground connection performs its func- 
tion when a ground occurs on one 
of the “outside” wires of the three- 
wire system or when transformer 
insulation breaks down and the high 
tension current leaks in on the sec- 
ondary windings. 

Washington, D. C. WM. S. JONES. 

er eee ee 
Device for Testing Windings of Small 

Motors—Will someone be good enough 

to describe a small testing trans- 

former or similar device such as de- 


scribed on page 45 of the January 
issue of INDUSTRIAL ENGINEER, that can 
be used for testing the windings of 
fractional horsepower motors for 
short-circuits, grounds, open circuits, 
and the like? 
Nanty-Glo, Pa. Ss. J. S. 


S. J. S., who asks in the Septem- 
ber issue for details of a small test- 
ing transformer, will find the follow- 
ing outfit compact, easily made and 
efficient. 

. The parts needed are two or three 

dry cells, a small buzzer, a single- 
pole snap switch, one telephone in- 
duction coil and a seventy-ohm head 
receiver. 

The battery, switch, buzzer and 
primary of the coil are all connected 
in series. A neat outfit can be made 
by procuring an old wall-type tele- 
phone box or any small container 
that will hold the cells, buzzer and 
coil. The switch can be mounted on 
one end and the four terminals for 
the secondary on the other end. The 
leads (a) and (6b) go to two of the 
binding posts and receiver wires (c) 
and (d) to the other two. 
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When testing for grounds, connect 
(b) and (c) together. Leads are 
then taken from (a) and (d). En- 
ergize the primary circuit and apply 
leads (a) and (d) to the windings 
to be tested. If a dead ground is 
present a loud hum will be heard in 
the receiver. Partial grounds will 
give a sound somewhat less in inten- 
sity than that produced by shorting 
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Test clip 
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Testing outfit for small motor wind- 
ings. 





the test leads together. A slight 
clicking noise caused by the con- 
denser action of the winding under 
test will always be heard, but you 
can easily recognize it. 

When testing for shorts, opens, 
etc., a good contact clip can be made 
from a piece of 3%-in. fiber and a few 
thin brass strips, as shown in the 
sketch. Connect as shown by the 
dotted lines. The two center con- 
tacts should be adjusted to bridge 
two adjacent segments on the com- 
mutator and the outer clips to rest 
about six segments apart. A normal 
coil will give a definite buzz in the 
receiver. Opens are indicated by a 
loud buzz and shorts by an absolute 
silence. Partial shorts will be indi- 
cated by a noise in proportion to the 
resistance of the defect. 

After a few trials you can test 
field coils and small a. c. windings 
with results as accurate as those ob- 
tained with d. c. armatures. 

This set is extremely sensitive, the 
intensity of the sound varying with 
the slightest alteration in the re- 
sistance of the circuit being tested: 
It can be used for many purposes 
besides those mentioned here. 

Chicago, Ill. D. F. O’DONNELL. 


%* %* a * 


Heating of Low Voltage Release Coil 
on Compensator.—We are having 
trouble with heating of the low-volt- 
age release on'a,10-hp. compensator 
used with: a 220-volt‘a.,c. motor. The 
coil is 3 in.’ long, 3\in. in diameter 
with the diameter of core tube 1% 
in. It has:approximately 3,000 turns 





of No. 27 silk-covered enameled mag- 
net wire. 

The core is made from iron lamina- 
tions taken from an old transformer, 
the dimensions of which are as fol- 
lows: Length 4% in.; diameter, 15/16 
in., approximately. 
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The inside diameter of:core tube is 
1 in. The coil used gets hot after 
about one hour’s operation. We 
would appreciate it if someone will 
help us by giving a solution of this 
trouble. 


Walsenburg, Colo. E. P. McC. 


The writer was interested in an 
answer by Wm. Harper on heating 
of low voltage release coil on page 
444 of the September issue, but I do 
not agree with him on all points. 
For instance, the magnetic torque or 
pull is determined by the ampere 
turns of the coil, and this in turn by 
the size and length of the winding. 
Consequently, if there is too much 
wire, there would be too much re- 
sistance. This would, of course, cut 
down the current and by so doing 
decrease the heating rather than in- 
crease it. If one-third of the wind- 
ing was cut out, the resistance would 
be lessened and more current would 
flow and increased heating would re- 
sult. It makes no difference in the 
writer’s opinion whether it is a l, 
2 or 3-phase compensator, as the no- 
voltage coil is connected across only 
one phase and the operation would 
be the same in either case. 

We have several compensators 
with no-voltage release coils and find 
that all such coils run warm, as the 
energy consumed is dissipated in 
heat but as long as they do not heat 
above 40 or 50 degrees we consider 
them safe, and so far have had no 
roasted coils. Of course if the coil 
in question roasts it is possible that 
there is a short circuit in the wind- 
ing of the coil. On the other hand, 
if it does not roast a temperature 
test would soon determine whether 
or not the coil is overheating. Cer- 
tain allowance must be made for 
heating in such cases. If the coil is 
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not roasted the writer would suggest 
rewinding with a smaller size wire, 
or increasing the amount already on. 
Ansonia, Conn. WILLIAM T. ESTLICK. 
* * * * 


Tool Box for Electrician’s Equipment.— 
Several designs of tool boxes are 
made suitable for tools used by a 
machinist. I would like to ask fellow 
electricians to offer for publication in 
INDUSTRIAL ENGINEER the construction 
and design for any special tool box 
which they have found convenient for 
carrying around the shop the tools 
that are commonly used and pur- 
chased by them personally. I have 
in mind a small size tool case about 
2% ft. long by 24 in. wide by 24 in. 
deep with suitable trays and com- 
partments. 
Chicago, III. J. M. B. 


With reference to J. M. B.’s re- 
quest in the August issue of INDUS- 
TRIAL ENGINEER for designs of tool 
boxes, I am inclosing a blue print of 
one type of box for personal tools. 
The size mentioned is not convenient 
for carrying tools around the shop, 
but is a box for storage of tools. 

The following material is required 
to make one box: 


Beaded ceiling, 5 in.................,. 15 bd. ft. 











Matched pine fencing, 13/16 in.. 8 bd. ft. 
Poplar, % in 9°eq. 2. 
Spruce, % in 4 sa. ft. 
Cypress, % in 8 sq. ft. 
Finishing nails, 2° im......:.-.:-:...-.: % |b. 


Drawer pulls, No. P-182 (Hib- 
bard, Spencer, Bartlett & Co.) 6 
Factory green paint..i.......... \% pt. 


For carrying small parts and tools 
we ordinarily use a wooden tray 8 
in. wide, 6 in. deep and 18 in. long, 
divided into two or three compart- 
ments and with a strap ‘handle for 
carrying. Provision could easily be 
made for such a tray in the top of 
the box described here. 


La Salle, Ill. L. B. C. 





Details for construction of electri- 
cian’s tool box. 
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SERVICE 


around the works 








readers. 








For this section ideas and practical methods devised to 
meet particular operating conditions are invited from 


The items may refer to inspection, overhauling, 
testing or special installations. 
































Bar on Portable Lamp Guard 
Holds Lamp in Place 


EPAIR work around motors 

when lighting conditions are 
poor is always difficult because the 
portable lamp can seldom be fixed 
in the right place and often both 
hands are occupied. However, by 
soldering a small bar or piece of 
wire to the metal guard, as shown 
















in the illustration, this portable lamp 
can be sprung over a rod or other 
support so that the rays will be di- 
rected toward the work. The lamp 
will stay in position, due to the slight 
tension of the soldered wire against 


the support. JOHN W. PEARSON. 
Chicago, Ill. 





An Easy Way of 
Providing Adjustable Lights 
for Benches and Lathes 


E HAVE installed in our re- 

pair shops and on our lathes a 
very satisfactory system of lighting. 
As will be seen from the accompany- 
ing sketch for bench lighting, we put 
up two brackets of %4-in. by 2-in. 
flat iron bent at right angles and 
fastened to the ceiling by lag screws 
and expansion shields about 18 in. 


from the wall. Between the brackets 
we stretched a No. 9 galvanized wire 
as tightly as possible, about 1 ft. 
from the ceiling. The conduit car- 
rying the lighting circuits was lo- 
cated on the wall back of the bench, 
about 2 ft. below the level of the 
steel wire. In this case two “J” con- 
dulets and one “K” were used with 
cord receptacles “No. CC332.” We 
used No. 16 packinghouse cord be- 
tween the receptacles and %-in. cap 
brass ‘sockets with 10-in. metal re- 
flectors. 

For each light a round iron ring 
2 in. in diameter was used and placed 
around the steel-wire so as to slide 
towards one or the other end of the 
bench, as desired. The ring was 
taped over on one side and the pack- 
inghouse cord taped to it, about 5 ft. 
being left between the receptacles 
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The lamp is sprung over : 
a small iron bar here 
shown in cross-section. 
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3x2"flat iron brackets 
Condulet, 






‘N29 galy. steel wire 
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Lamps may be shifted and 
adjusted to any height. 
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and the ring so the ring and cord 
have a side adjustment of at least 
8 ft. To adjust for height we placed 
a wood adjusting ball on the cord. 
This allows the light to be placed at 
any desired height above the bench. 

If any particular job requires light 
from two sides, the lights can be 
brought within a foot of each other, 
or otherwise placed to the best ad- 
vantage. 

This scheme has also been adopted 
for use above lathes and drills and 
has given complete satisfaction. In 
the latter case the circuits were run 
overhead on knob insulators with 
2-in. by 4-in. by 12-in. boards clamped 
to the trusses. J. H. GALLANT. 
Bel eville, Ontario, Canada. . 
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Colored Light Signal Shows 
High and Low Stage of Water 


in Cooling-Tower Sump 


N ELECTRICAL device for in- 
dicating either high or low wa- 
ter in the sump beneath a cooling 
tower is shown diagrammatically in 
the accompanying sketch. The tower 
is used in connection with the refrig- 
erating plant of a large dairy. The 
water for condensing purposes is 
taken, through a meter, from the 
city mains; hence the advisability of 
precautions for conservation. 

A good deal of water is used in 
the dairy for washing and cleaning 
and is drawn from the sump of the 
cooling tower. This sump thus 
serves as a house tank, besides de- 
livering cooling water to the am- 
monia condenser. The make-up wa- 
ter is delivered under city pressure 
from the street main to the sump, 
through a float-controlled valve. Ow- 
ing to the heavy demand for water in 
a neighboring meat-packing plant at 
certain hours of the day, the pres- 
sure in the main does not always 
suffice to keep the dairy properly 
supplied. To overcome this diffi- 
culty a centrifugal pump has been 
installed to act as a booster when 
the pressure in the main runs low. 


Wood screw end 
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Rheostat 





Red light means low water—green 
light means high water. 





There are also periods when very 
little water is drawn from the sump 
for cleaning purposes. At such times 
the sump fills up through the float- 
controlled valve in the supply pipe 
and the constant return of water to 
the cooling tower by the condenser 
circulating pump will cause the sump 
to overflow. Thus there are times 
when the tendency is toward a scar- 
city of water, and still other times 
when the tendency is toward an over- 
abundance and waste of water. The 
signaling device gives notice of these 
conditions. 

Two lamps—one red and the other 
green—are located in a conspicuous 
place in the engine room. The red 
lamp is connected between one wire 
of the distributing system and the 
upper segment of the rheostat. The 
green lamp is connected between the 
same wire and the lower segment. 
The arm of the rheostat is connected 
to the other wire of the distributing 
system. 

When the water is low in the sump, 
and the float rides low, the rheostat 
arm makes contact with the upper 


Heavy wood beams, 
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segment and closes the circuit 
through the red lamp. The engineer 
then starts the booster pump. But 
when the float rides high, due to the 
water standing at overflow stage, the 
rheostat arm makes contact with the 
lower segment and closes the circuit 
through the green lamp. The engi- 
neer then stops the booster pump, 
shuts off the supply from the street 
main to the feed-water heater and 
the house hot-water tank in the 
boiler room and opens a valve which 
connects them with the cooling-tower 


sump. A. J. DIXON. 
St. Louis, Mo. : 





Simple Platforms for 
Suspending Motors Near Ceiling 


T IS sometimes convenient or 

necessary to remove a motor 
from a valuable space on the floor 
and suspend it overhead. This can 
be done safely in almost any build- 
ing that is suitably erected for ma- 
chinery, as the timbers are large 
enough to carry any reasonable 
weight. 

In the case of a frame building, 
two heavy timbers in the ceiling 
should be selected and four %-in. 
bolts made with a wood screw on 
one end and a machine thread on 
the other end, screwed into them. 
The length will vary according to 
the size of the motor. For a 5-hp. 
motor the bolts should be threaded 
into the beams about 8 in. or more. 
The distance to the platform should 
be about 30 in. and the platform 
itself should be about 8 in. deep, in- 
cluding the floor boards. Iron plates 
3 in. by 3 in. should be placed under 
the platform timbers, which are set 
with their widest dimension up- 
wards. The bolts should go through 
these timbers at least 4 in. from 
their ends. The end of a %-in. 
brace bar should be placed over each 
bolt and another nut then put on the 
upright bolts. The upper end of 
each brace bar should be fastened 
either to the side of an adjacent 


concrete ceiling 
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ceiling timber or to its under edge 
by bolts or long lag screws. The 
timbers forming the base of the plat- 
form should be at least 6 in. by 3 in. 
of good quality yellow pine, and form 
only two sides of the platform, while 
the floor boards may be of 2-in. solid 
planking fastened in the other direc- 
tion preferably with either bolts or 
lag screws, not merely with nails. 

Before the motor is installed, see 
that the platform is steady and ex- 
actly level and that all bolts and nuts 
are tight. To elevate the motor is 
practically the easiest part of the 
job. Into a beam over one edge of 
the platform fasten a screw-eye and 
to it attach a rope tackle, the other 
end of which is hooked to a chain 
or rope carried around the base of 
the motor. Place a couple of strong 
2-in. planks slantingly against the 
front edge of the platform and 
nail at their upper ends to pre- 
vent them slipping upward with the 
motion of the motor. Two men can 
probably draw the motor up quite 
easily and put it in place on the 
’ platform in a few minutes. It should 
then be firmly bolted to the floor 
boards. 

If the beams in the ceiling are of 
steel, such as are found in fireproof 
buildings, then special steel clamps 
should be bolted to the lower flange 
of the beam and the long bolts held 
securely in place by clamping the 
head of the bolt in a recess cast in 
the beam clamp. In this case braces 
may be bolted to the four clamps 
holding the platform up, or to other 
clamps attached to adjacent I-beams. 

For motors of 25 hp. in size the 
long bolts should be at least 1 in. in 
diameter and extra ones may be nec- 
essary midway. The base timbers 
for heavy motors should be about 4 
in. by 8 in. of good, seasoned yellow 
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TESTED MOTOR RESTS ON WOOD BASE. _ 
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pine, and the floor boards should be 
3 in. or 4 in. thick, preferably with 
an under support midway to prevent 
the floor from springing. 

The belt from the motor may be 
carried straight ahead to a counter- 
shaft or downward to a driven shaft 
below. The switch is generally placed 
directly below the motor so as to be 
handy and always in sight. 

New Britain, Conn. H. S. RIcH. 
jeiededeiehiipenbis 


A Device for Determining 
the Power of Small Motors 


DYNAMOMETER which meas- 
ures very accurately the brake 
horsepower of fractional-size motors 
has been made at the Armour Insti- 
tute of Technology. This machine 
does away with errors which are 
likely to occur in the common method, 
which takes total input and then sub- 
tracts losses. The trouble with this 
method is that the losses in very 
small machines are difficult to deter- 
mine accurately. 

The dynamometer consists essen- 
tially of a frame pivoted at each end 
on knife edges. On the frame is 
mounted a generator whose axis co- 
incides with the axis of the frame. 
The tested motor is set on the sta- 
tionary base and drives the gene- 
rator through a direct coupling. 
This tends to tilt the frame. A slid- 
ing weight on the frame is adjusted 
to restore a balance. The position of 
the weight indicates the power which 
the motor is exerting. 

This dynamometer was designed 
for testing motors up to % hp. It 
is a cradle dynamometer in that the 
deflected element is carried on knife 
edges, and an electric absorption 
dynamometer in that the load is ab- 
sorbed by an electric generator. The 
frame carrying the generator rests 
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The power of a small motor can be 
measured accurately with this bal- 
ance. 








on knife edges of hardened steel 
placed in ‘sockets on pillow blocks, 
the knife edges being in the axis of 
rotation of the generator. The pil- 
low blocks rest on the base on which 
the motor to be tested is mounted. 
The motor is clamped to an iron ped- 
estal which can be raised or lowered 
by means of a thread cut on the sup- 
porting post and working in a plate 
fastened to the base. The motor to 
be tested is coupled directly to the 
generator by means of fingered 
flanges meshing in openings cut in a 
leather disc. This coupling obviates 
the necessity of careful alignment of 
the shafts. The speed is determined 
by means of a frequency meter oper- 
ated by direct current supplied from 
an outside source, but interrupted 
by a make-and-break attachment on 
the generator shaft. This makes the 
speed determination positive and in- 
troduces no error due to unmeasured 
tachometer losses. The accuracy of 
reading the speed is 0.5 per cent. 
The generator field is also excited 
from an outside source, giving very 
sensitive control. The outside con- 
nections of the generator are made 
through stranded conductors of great 
flexibility. 

The generator is a 14-hp., 110-volt, 
1750 r.p.m. machine. The armature 
is carried on ball bearings which re- 
duce the friction loss (hence the 
minimum load obtainable) to the 
lowest possible limit. Under test, 
this lower load limit was found to 
be 0.015 hp. at 1800 r.p.m. 

The scale arm is a double-beam 
type, the movement of the small 
weight the full length of one beam 
being equivalent to one ‘division 
movement of the large weight on the 
other. The scale beams are placed 
across the end of the supporting 
frame and each is marked with a 
double scale. The readings of one 
multiplied by the speed give the 
horsepower; the reading of the other 
multiplied by the value of the corre- 
sponding weight gives inch-pounds 
torque. 

Each division on the small beam 
represents 0.0009 hp. at 1800 r.p.m. 
and a balance is obtained not by final 
adjustment of weight position, but 
by generator field variation. The 


frame carries a pointer moving past 
a scale attached to the base, so that 
perfect balance can be secured, mak- 
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ing the scale reading very sensitive. 
The dynamometer can be used either 
as a generator or a motor. In the 
latter case the no-load deflection 
must be deducted from .the scale 
readings to obtain the input to the 
generator under test. 

Sometimes it is desirable to meas- 
ure loads much’ in excess of the rat- 
ing of the dynamometer generator, 
but applied for a short time only, as 
in breakdown tests on alternating- 
current motors. To meet this need, 
a pulley is placed on the shaft of the 
generator and a special brake shoe is 
attached to the frame. The pulley 
can be water cooled if desired. The 
brake lining is that used on auto 
brake shoes. This brake is spring 
steel and when not in use clears the 
pulley entirely. 

The center of gravity of the frame 
is adjusted approximately to the 
knife edges by means of a lock-nutted 
counterweight moving on a threaded 
post. The balance on the knife edges 
is adjusted by a self-locking weight 
moving on a similar post at right 
angles to the former. The total 
weight of the dynamometer is about 
100 pounds. JOHN E. SNow. 


Associate Professor Electrical Engineering, 
Armour Institute of Technology, 
Chicago, Ill. 





Easily-Made 
Substitutes for Turnbuckles 
to Tighten Wires 


ITH no turnbuckles at hand, 

taking up the slack in a heavy 
line is often a problem. Instead of 
ordering special fittings for this 
purpose many useful “take-ups” can 
be made. If a line is to be dead- 
ended on a wood beam for example 
a piece of %-in. iron 1% in. wide 
can be bent up and then drilled for 
two lag screws and one bolt, as 
' shown at A. Of course, ball insu- 
lators should be used to break the 
circuit and to these should be at- 
tached eye-bolts with about 6 in. of 
thread with which to take up the 
slack in the line. Where a ball in- 
sulator is close to a round bar it may 
be fastened and the line drawn up 
with a U-shaped bolt threaded on 
both ends for about 6 in. and pass- 
ing through a strap or two, as at B, 
in the accompanying sketch. 

Where a line is to be ended at an 
angle-iron beam a strap % in. thick 
and 2 in. wide may be bent to slip 
over the upper edge of the beam and 
if necessary be held with a set screw. 
Drawing C shows this method. 
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When a number of conductors are 
to be dead-ended at a brick wall it 
is not necessary to pass a bolt 
through the wall for each insulator 
to be attached. Take one or two 
lengths of angle iron % in. thick and 
long enough to space the conductors 
12 in. apart. If th strain is con- 
siderable, use the iron double; if not, 
single will be sufficient. Drill holes 
for the insulator eye-bolts and other 
holes for two 34-in. bolts passing 
through the wall. These latter bolts 
should be long enough to keep the 
bars about 7 or 8 in. from the wall, 
to allow for taking up the line slack. 
No matter what kind of a dead-end 
arrangement is used, there should be 
some means provided to take up the 
slack, for almost any conductor will 
sag after a while. H. S. RIcH. 


New Britain, Conn. 





Training Workmen 
in the Proper Operation of 
Enclosed Safety Switches 


HE enclosed externally operated 
switch is far in advance of the 
open switch as far as safety is con- 
cerned, but even then some degree 
of intelligence is required. Several 
years’ investigation of accidental 
electrical burns occurring at motor 
switches shows that enclosed 
switches will eliminate about 75 per 
cent of the accidents usually occur- 
ring with open switches. The re- 
maining 25 per cent of accidents can 
be decreased only by education and 
rigid inspection of all enclosed motor 
switch boxes. By education is meant 
the posting of bulletins and the per- 
sonal explanation of the cause of 
flashes or shorts in switch boxes. 
The usual cause of the trouble is 
the workman who gingerly throws in. 
or pulls out a switch or tries to 
“inch” or “jog’’ a motor along where 
the motor has no compensator. In 
the absence of a reliable quick-make- 
and-break attachment on the switch, 
the workman must be strongly im- 
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Here are some ways in which heavy 
eonductors can be dead-ended and 
tightened. 





pressed with the fact that the switch 
must be thrown in or out with a 
quick, firm motion or else an arc will 
form which may spread to the ad- 
jacent switch blade, the hot vapors 
affording a path for a short circuit. 
This may blow the door off the 
switch box or else force the flame out 
around the edge of the box and burn 
the face and arms of the operator. 

Another danger exists with inex- 
perienced operators who do not ob- 
serve whether or not the starting 
compensator is in the “off’’ position 
before throwing in the line switch. 
Many serious accidents have occurred 
in this manner where a line switch 
for a large motor has been closed 
with the compensator in the “on” 
position. It should also be pointed 
out to the workman that if there is 
a compensator in the line, the line 
switch should never be opened while 
the motor is running but the motor 
should first be disconnected by trip- 
ping out the compensator. 

In order to secure the maximum 
protection where unavoidable flashes 
occur, the door of the enclosed switch 
should be locked or suitably secured 
so that it cannot be opened without — 
tools. This is necessary because any 
ordinary latch will spring open or 
the door will be left open by careless 
individuals. Should the door be 
blown open the burn received by the 
operator may be much greater as 
the flames then shoot out with ex- 
plosive violence. A rigid system of 
inspection of boxes should be made 
at intervals to see that the locks and 
latches are maintained in operating 
condition at all times. 

Much credit is due to the manufac- 
turers of switches for improvements 
in construction, but the prevention 
of many accidents depends upon the 
education and vigilance of the oper- 
ator. J. E. HOUSLEY. 


Aluminum Company of America, 
Kansas City, Mo. 
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cuts or improved methods. 





In the Repair Shop 





This section is devoted to all sorts of electrical repair work, large and small. 
Special attention is given to tools found convenient at the shop bench and short 
Articles on these subjects are always welcome. 
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How to Locate Reversed Field 
Coils with Alternating Current 


T IS often necessary to. test field 
and other coils for polarity 
where direct current is not available, 
and for this purpose a test set has 
been constructed by the writer. 

On a small board were mounted a 
few low-voltage lamps with a suit- 
able arrangement for using the lamp 
wanted. A 6-volt, a 24-volt, and a 
50-volt lamp are sufficient. A couple 
of 110-volt watthour-meter shunt 
coils were each mounted on a small 
piece of laminated iron and- leads 
provided for connecting to the ter- 
minals of the coils. These two coils 
were connected in series with one of 
the lamps in such a way that the 
induced voltage within them would 
be added when an alternating flux is 
passed through their cores in the 
same direction. 

In testing the field of a machine 
to ascertain whether the connections 
are right, one of the test coils is 
placed on one pole face and the other 
placed on an adjacent pole face while 
an alternating current is sent 
through the field coils. The 50-volt 
lamp should be used first and if this 


part of the field. One of the test 


coils can, therefore, be held on one - 


pole face while the other is moved 
around the field structure, from pole 
to pole, and the connections quickly 
and accurately determined. 

This arrangement may also be 
used for locating reversed coils in an 
armature. C. M. HATHAWAY. 
Colorado Springs, Colo. 
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Simple Diagram to Show Motor 
Connections 


VERY simple method of show- 

ing the connection of an induc- 
tion motor is shown in the accom- 
panying drawing. The different 
kinds of lines shown in this drawing 
represent the markings of pencils of 
different colors. Blue, red and black 
pencils are used for the three-phase 
motor shown. Only two colors, of 
course, are required for a two-phase 





























The round figure at the bottom 
shows the end-connecting leads for 
each group of coils, each color rep- 
resenting one phase. Above is the 
same winding laid out in a flat form 
which will help to make plain the 
round figure. Both ends of each 
group are numbered. On the same 
sheet with the diagrams are placed 





A connection diagram like this is 
easy to understand. 


This is a three-phase, six-pole mo- 
tor, connected series-star. The dif- 
ferent kinds of lines represent dif- 
ferent colors, blue for phase A, red 
for phase B and black for phase C. 
On the same sheet with the draw- 
ings are placed the following direc- 
tions telling where to connect the 
jumpers between groups and the mo- 
tor leads. 

Phase A—Connect 2 to 138, 14 to 25, 
26 to 32. 31 to 20, 19 to 8. 

Phase B—Connect 6 to 17, 18 to 29, 
30 to 36, 35 to 24, 23 to 12. 

Phase C—Connect 10 to 21, 22 to 33, 
34 to 4, 3 to 28, 27 to 16. 

Connect motor leads to 1, 5 and 9. 
Connect star to 7, 11 and 15. 
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does not light, then the 24-volt and VAG Ac Bist 
finally the 6-volt lamp may be tried. oS ~eN oe 
The lamp will not light if the polar- . te ae a 
ity of the two poles under test is tt pee a she 


opposite. Should one of the coils be 
moved to the next pole, leaving a 
pole between, the lamp should light 
if the connections are right on that 
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the numbers shown in print under- 
neath the caption. These numbers 
tell which groups of coils to connect 
together and which to connect to the 


the motor leads. R. MCDONALD. 


Chief Electrician, 
Mohawk Carpet Mills, Inc., 
Amsterdam, N. Y. 





Special Hand Winding 


Saves Time in Rewinding 
Small Armatures 


HAND winding for small arma- 

tures which will save time is 
possible if the number of slots is 
not divisible by four and the coils 
are wound full pitch. It must not 
be attempted with a chorded pitch. 
This is a “progressive split” winding 
which was used in rewinding a 1-hp. 
direct-current armature with 22 slots 
and 66 bars and a pitch of 1 and 12 
(full pitch). In winding, eleven 


coils were wound on, each slot being 


filled as the winding progressed. Six 
wires in hand were used while in an 
ordinary loop winding three wires 
would be used and twenty-two coils 
wound. 

Drawing A shows the complete 
winding and the accompanying table 
gives the sequence of putting on the 
coils. A circle with a cross is used 
to indicate the start of a coil, and 
the small black circles enclose figures 
which indicate the coil numbers. As 
stated above, this type of winding 
fills the slots, starting with the first 
coil in. In winding, therefore, the 
leads must be marked so that each 
slot will contain one start or bottom 
lead and one finishing or top lead. 

In an ordinary split winding hav- 
ing two, three and so on times as 
many bars as slots the armature 
would be wound with two, three, and 
so on wires in hand and a white 
sleeve would be put over all the wires 
in hand to denote a finish; likewise 
a red or a black sleeve would be 
used for the start. But in this type 
of winding twice as many wires are 





Diagram explaining a progressive 
split winding. 

A. This shows sequence of winding 
which is also shown in“the accom- 
panying table. The armature has 22 
slots and 66 bars and the pitch is 1 
and 12, full pitch. The figures in the 
small black circles are the coil num- 
bers in order of putting in place. 
The crosses indicate where coils are 
started. B, C and D explain steps in 
putting on the coils. E shows how 
the leads are marked with sleeving. 
Red denotes a bottom lead and white 
a top lead. The correct method of 
connecting up the commutator is in- 
dicated in F. From G it is clearly 
seen that a chorded pitch is not pos- 
sible with this type of yew gg The 
heavy lines at slots 12 and indi- 
cate the coil position when bars V 
and VI are under the brush. 
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Sequence of Windings 
Slot Number 
Nobex Start Finish © 
1 1 12 
2 14 3 
3 5 16 
4 18 7 
5 9 20 
6 22 11 
7 13 2 
8 4 15 
9 17 6 
10 8 19 
11 21 10 











This table accompanies the chart 
at the bottom of the page. 





used. For instance in the present 
winding there are six wires in hand. 
Then to distinguish a top coil from 
a bottom, the wires are divided into 
two sections of three wires per sec- 
tion before starting to wind. One 
section would first have a white 
sleeve put on over the three wires, 
then a red sleeve. The other section 
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would have the sleeving reversed; 
i. é@., a red first, and a white last (see 
E). By following this plan, when 
the coil is wound in there will be a 
white and a red sleeving projecting 
from each slot. Thus the leads are 
separated into three starting and 
three finishing leads in each slot. 
Drawings B, C and D explain the 
method of winding in the coils. At 
B the first two coils are shown in 
place. Coil 1 is wound in slots 1 and 
12, and coil 2 is started in slot 14, 
skipping one slot. The start of each 
succeeding coil is located in the same 
manner. Call the slot in which the 
last coil is finished “No. 1” and 
count over to “No. 8” in a clockwise 
direction. This is where the term 
“progressive” originates. At C, four 
coils are shown in place, and at D 
six coils are shown, also the starting 
point of the seventh coil. It will be 
noticed at any time during the wind- 
ing that between the last two coils 
put in, there will be one slot inter- 
vening on each end of the coils. 
Drawings F and G will explain how 
the leads are connected to the com- 
mutator and why this type of wind- 
ing must be full pitch. In F the 
coil is shown in the neutral region 
with the leads brought over to com- 
mutator bars just on each side of 
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the center line of the coil. The leads 
of coil 1 are laid down across the 
top of the commutator while those 
of coil 2 are laid down under the 
commutator. The two leads from 
one coil are separated by the center 
line of the poles which indicates that 
the coils and lead throw are correct. 

In G the coil pitch is chorded, 1 
and 6, on a twelve-slot armature. 
With the coil in the proper com- 
mutating position as shown, the bot- 
tom lead of coil 1 is put in bar 5 and 
the top leads are brought over to 
bar 6. This makes conditions cor- 
rect for proper commutation. Now 
when all the bottom leads have been 
put down in this way, half the coils 
will have the correct lead pitch and 
the other half will be considerably 
out as coil 2 shows. The leads of 
coil 2 will be two bars out of true 
and when bars V and VI are under 
brush B, the coil will have assumed 
the position indicated by the heavy 
slot lines 5 and 12. Thus it is read- 
ily seen that to wind correctly, the 
coil pitch must be full. 
Detroit, Mich. 


A. C. ROE. 
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Banding Armatures 
and Turning Commutators 
HE final operations, except for 
painting, in the repair of an 
armature, are usually banding and 
turning the commutator. For the 
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Fig. 1—A wedge-shape iron is pref- 
erable for soldering band wire on 
a commutator. 


The fiber strip under the band wire 
protects the coils underneath from 
both the solder and the effects of the 
heat. As a rule, four or more cop- 
per strips about one-half inch wide 
and one-half inch longer than the 
width of the band are placed be- 
tween the fiber and the band wire. 
When the band wire is all in place, 
the ends of the strips are bent up over 
the top of the band and soldered fast 
to it on the top. These clips hold 
the band firmly in place during the 
remainder of the soldering opera- 
tion. It is easier to get a smooth 
finish to a band soldering job with 
a wedge-shaped iron than with a 
pointed one. 





usual run of armatures for steel mill 
motors of 10 to 100 hp. rating, No. 
16 or No. 17 steel banding wire is 
used. The wire is bought in reels 
and comes already tinned. The band 
is wound on, using power on the 
lathe head for turning the armature. 
The tension on the banding wire is 
regulated by a clamp on the tool post 
through with the wire feeds. When 
the band is sufficiently wide (from 1 
to 2 inches for the size of the motor 
mentioned) the lathe is stopped and 
while the tension is still on the wire 
the band is soldered enough to hold. 
The wire is then cut off and the 
soldering is finished. A medium 
sized wedge-shape iron is most suit- 
able for this purpose. 

Turning commutators is an art. 
The shape of the tool has every- 
thing to do with the finish of the 
job. For working in copper a dif- 
ferent rake and cutting angle are 
used than with steel. A tool with a 
bend to the left is the best, for it 
enables close work next to the ra- 
dials. The illustration shows a tool 
holder and a small piece of tool steel 
in use, but a large, solid tool clamped 
directly in the tool rest gives less 
trouble from vibration. A pointed 
tool and a slow cross-feed are used. 
Two cuts are usually taken, a me- 
dium cut and a light finishing cut. 
The final finish may be given by 
using sandpaper or a fine file while 
the armature is running in the lathe. 
A. J. W. 


Indiana Harbor, Ind. 





Fig. 2—Turning the commutator 
after rewinding an armature. 


The upper illustration shows the 
shape of tool point used and the 
manner in which the tool is mounted 
in the tool post. Very fine cuts must 
be made with a pointed tool to get 
a good finish on the commutator. 
It is necessary to watch the job 
closely as the cut approaches the 
inside end, in order not to go in too 
deeply in the connection lugs. This 
is particularly true where long lugs 
are used. The lower illustration 
shows the setting of the tool with 
respect to the relative positions of 
shaft center and cutting point, the 
tool point being slightly below the 
shaft center. 
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Better ways to transport and handle raw 
and finished parts in and around the. 
works will be discussed in this section. 











Building Permanent Rollways on a Four-Wheeled Truck 
to Eliminate Material Handling Accidents 


COMMON method of handling 
heavy, round objects, such as 
barrels or rolls of paper, is by a 
four-wheeled truck. Here, however, 
some means must be found for load- 
ing. Lifting is too heavy work and 
requires too many men. Skids or 
rollways as ordinarily used are likely 
to slip off, and so are dangerous, or 
are never to be found when wanted. 
Both of these drawbacks to the 
use of rollways are overcome in the 
truck used at the Marathon Paper 
Mills Company, Rothschild, Wis., as 
shown in the accompanying illustra- 
tion. 

Here the rollways are made of 
iron bars which slide between two 
angle-irons closed at the end. The 
ends of the bars are hooked so that 
they do not pull clear out. When the 
truck is loaded or unloaded the bars 
are slipped back into the angle-iron 
carriers out of the way. Since these 
bars do not fit tight the ends may be 
raised to a point higher than the 
level of the truck as when loading on 
or unloading from a higher platform, 
wagon or motor truck. Also as they 
are always on hand when wanted no 
time is lost in hunting around and 
perhaps using a makeshift which 
might not be strong enough and 
cause an accident. 

Adding this permanent rollway to 
the four-wheeled trucks practically 
eliminated the numerous accidents 
which formerly had been a common 


occurrence in handling the heavy 
rolls of paper: It also prevented 
damage to the rolls from falling 
when the rollways slipped, which had 
amounted to a considerable item. 





Doubling the Capacity of a 
Mineral Water Bottling Plant 
by Conveyor System 


HEN a plant is continually 

pushed to maintain sufficient 
output to keep up with the demand 
it has, in general, two possibili- 
ties: It can increase its space, 
force and equipment, or it can de- 
vise better methods of doing the 
work which will increase the capac- 
ity with the same or less space, 
force and equipment. It is usually 
possible, and generally much more 
economical, to devise better methods. 
In particular better material han- 





Building a permanent 
rollway on.a_ four- 
wheeled truck. 

This rollway is always 
on hand for handling 
heavy rolls of paper. 
With this simple con- 
struction, described 
here, the danger of 
makeshift rollways 
slipping under load has - 
been eliminated with a 
decrease in accidents to 
the men and the rolls 
of paper. Although 
these rollways fit into 
angle-iron slides on the 
side of the truck they 
can as easily be hooked 
on the end. 
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dling methods often offer opportuni- 
ties for more efficient operation. 

Conveyors afford one method of 
handling material at low cost when 
the material passes over a fixed path, 
as in passing from one operation or 
machine to the next. Such were the 
conditions at the mineral water bot- 
tling plant of Hinckley and Schmitt, 
Chicago, Ill., where, during the sum- 
mer, the plant was pushed almost 
night and day to keep up with the 
demand for water. As a result there 
were installed a new mechanical bot- 
tle filler to which the bottles are fed 
and taken away by a belt conveyor 
and a roller conveying system which 
handles the cases, and these devices 
have practically doubled the capacity 
of the plant. 

The mineral water business is 
divided into two general divisions: 
Cases of half-gallon or gallon bottles 
of various brands for home, club or 
hotel consumption and 5-gal. bottles 
for water cooler service in Chicago 
office buildings. Each is handled on 
separate conveyor systems on dif- 
ferent floors. 

The empty half-gallon and gallon 
bottles in their cases are unloaded 
from the wagons or trucks onto lift- 
truck platforms or four-wheeled 
trucks as received on the first floor. 
These are wheeled to the automatic 
elevator shown in E. A man places 
the cases on the movable platforms 
which are connected to a continuous 
chain belt, as shown, and lift the 
cases to the fourth floor. Illustra- 
tion D showsjone case on the way 
up. It is carried over the top and 
comes down on some fingers which 
lift it from the elevator and auto- 
matically discharge it onto a roller 
conveyor. In this way a man is 
required only for loading the lift. 

From ‘this lift, which is also 


shown in the background in B, the 
case of empty bottles goes on the 
roller conveyor, here shown empty, 
to the bottle washing machine whicn 
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is in the distant background in A 
at the right, but cannot be seen in 
the illustration. A man takes the 
bottles from the case, puts them in 
the washer and sends the empty case, 
still on the roller conveyor, past the 
bottling machine to be filled. The 
empty bottles go through the washer, 
are moved by hand over to the rins- 
ing machine, the label is attached, 
and the empty but clean bottles are 
set upright on the rubber belt which 
carries them to the automatic bottle- 
filling machine. By placing the label 
on the bottle when empty it is not 
necessary to handle a half gallon or 
gallon of water in addition to the 
bottle. This one scheme alone elim- 
inates the hand lifting of tons of 
water eath day. 

Each bottle is placed automaticaliy 
in the machine by the belt conveyor, 
filled, again placed on the belt, the 
top sealed by hand and the bottle is 
then ready to be placed in the case. 
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The general arrange- 
ment for bottling min- 
eral water. 


A. Empty bottles and 
cases are elevated to 
the top floor on the ver- 
tical conveyor shown in 
D and E, are sent 
through the washing 
and rinsing machines, 
shown in the distant 
background, labeled, 
and carried by a belt 
conveyor through the 
automatic filling ma- 
chine. The bottles are 
put in cases and car- 
ried over the “boosting”’ 
section of the roller 
gravity conveyor to the 
spiral conveyor whose 
opening is shown in 
B. This spiral extends 
to: the: - first..-floar,.-:C, 
where the bottles are 
loaded on hand trucks 
and placed convenient- 
ly for loading on deliv- 
ery trucks to be deliv- 
ered to the customers. 





A row of filled bottles on this belt 
conveyor is shown in the background 
of A with two men putting on seals. 
The empty cases coming from the 
bottle washer rest on the roller con- 








veyor shown in A alongside the two 
men and the row of bottles. The 
men lift the bottles from the narrow 
belt conveyor and place them in the 
cases on the roller conveyor. : 

A case holds a dozen half-gallon 
or six gallon bottles. The filled 
cases then make the loop shown at 
the left in A, go up to the elevating 
or booster section shown just behind 
the pillar and around to the right on 
the conveyor line, which is again 
shown along the wall in B and ter- 
minates in the spiral roller conveyor 
which extends the full four floors 
down. The lower end of this spiral 
is shown at C where the cases are 





Cases of empty bottles are raised 
to the fourth floor by this equip- 
ment. 


Cases are loaded by hand at D and 
automatically discharged on the 
fourth floor at E (see also B) onto 
a roller gravity conveyor which car- 
ries them to the washing machine. 
The General Electric motor operat- 
ing this vertical conveyor is under 
Cutler-Hammer pushbutton control 
of the loader on tho first floor and 
the operator of the bottle washer 
on the top floor. This lift will han- 
dle about 10 cases per min. They 
are lowered to the first floor by 
gravity. 
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loaded on lift-truck skids or on four- 
wheeled trucks to be placed on the 
loading platform convenient for 
transferring to trucks or wagons for 
delivery. 


At present, due to the greatly in- 
creased capacity of the plant, the 
same gang that fills the bottles at 
the top is used to empty the spiral 
conveyor at the bottom. Previously 
the men could hardly keep up with 
the demand. Now at any time the 
output can be increased by adding 
men at the bottom of the spiral, a 
provision which could almost double 
the present output if necessary by 
making the filling process continu- 
ous instead of operating about half 
the time. The spiral conveyor pro- 
vides an additional storage space as 
it holds between 200 and 250 cases 
and can be left filled in addition to 
the skids of filled cases on the load- 
ing platform. 

The automatic lift shown in JD 
and £ is operated by Cutler-Hammer 
pushbutton control by the operator 
who loads it on the first floor, or by 
the man at the bottle washing ma- 
chine on the fourth floor. The lift 
has a capacity of approximately 19 
cases per min., which is faster than 
the bottles can be taken care of by 
the bottle washer. As a result, when 
the conveyor line between the lift 
and the bottle washing machine is 
filled the elevator is shut off. The 
belt conveyor at the filling machines, 
this lift, and two boosters, one of 
which is shown in A, to raise the 
cases to a higher level, are the only 
power driven elements in the con- 
veyor system. These are operated 
by General Electric direct current, 
110-volt motors; the rest of the con- 
veyor system does not use power 
because it is operated by gravity. 

The filling of the 5-gal. bottles 
for office coolers is also speeded up 
by a short roller conveyor system. 
Each 5-gal. bottle is handled in an 
individual crate which protects it 
during delivery and in storage. As 
the bottles are received from cus- 
tomers they are piled on hand trucks 
on their sides with the necks of the 
bottles projecting out. A truck is 
pushed to the bottle washer, the 
operator removes the bottles from 
the crates and inserts them in the 
washer. The empty crates are put 
on a short roller conveyor system 
which carries them to the back of 
the machine where another operator 
removes the washed and rinsed bot- 
tles and places them again in the 
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Where a magnet beats hand pick- 
ing and sorting of refuse. 


If this work was done by hand it 
would not only take longer, but 
many of the small pieces of iron 
would be lost and also some refuse 
would not get’ separated. All 
non-magnetic refuse is discharged 
through the floor into a dump car 
and hauled away. 





crates which are carried on by the 
conveyor to be filled, stoppered and 
piled on trucks or skids ready for 
loading and delivery. 

Approximately ten million gallons 
of water are handled yearly, which 
would amount to over 275 tons a 
day if assumed to be evenly distrib- 
uted over 300 working days. With 
the addition of this conveyor system 
the capacity has been practically 
doubled and the plant is now able 
to take care of a large increase in 
demand at a much less expense for 
conveyor than to provide increased 
floor space and more men. 

The rubber belt conveyor was in- 
stalled by the U. S. Bottlers Ma- 
chinery Company, Chicago, as a part 
of the automatic filling equipment, 
while the roller gravity conveyor 
system was put in by The Dow 
Company, Louisville, Ky. 





Magnetic Separator 
Reclaims More Iron With Less 
Work in Foundry 


OST foundries, because mold- 

ing from the receipt of the 
pig, sand, coke, and so on, to the 
shipping of the finished casting is 
largely handling and _ rehandling, 
offer many opportunities for simpli- 
fying and decreasing the labor inci- 
dental to the numerous operations 
involved. One of these lies in the 
separation and reclamation of iron 
from screenings and foundry refuse. 





At the Spring City Foundry, Wau- 


kesha, Wis., this waste is put 
through the Dings magnetic sepa- 
rator shown in the accompanying 
illustration. Ordinarily 21% tons of 
refuse are handled daily and from 
this about 500 lbs. of iron per ton 
is reclaimed. It takes a man about 
five hours a day to gather this refuse 
from the floor and take it about 150 
feet in wheelbarrows to the sepa- 
rator. The wheelbarrows are dumped 
into a skip which is lifted by a com- 
pressed air hoist and discharges into 
the revolving separator, as shown in 
the illustration. The sand goes 
through the screen into a dump car 
on the floor below. The iron is 
picked up by a semi-circular magnet 
which fits around approximately half 
of the solid steel shell or drum at 
the discharge end of the screen, as 
pointed out by the two arrows. This 
magnet holds the iron against the" 
side of the revolving drum and car- 
ries it to the top where the semi- 
circular magnet ends. The iron then 
falls into the discharge chute. Bricks, 
cores, or other large pieces of refuse 
which are not attracted by the mag- 
net are rotated on out of this steel 
drum through a separate discharge 
to the floor below so that, if desired, 
they may be kept out of the fine 
screenings. 

This not only simplifies the han- 
dling, but, like many other mechan- 
ical substitutions for hand opera- 
tions, increases the effectiveness of 
the operation—in this case a greater 
percentage of metal is reclaimed. 
Direct current for the operation of 
the magnet is provided by a separate 
generator set on top of the magnetic. 
separator. The Dings Magnetic Sep-: 
arator Company, Milwaukee, Wis., 
installed this equipment. 
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Decreasing Produc- 


tion Interruptions 


(Continued from page 474) 


a momentary starting current of 
approximately 250 amp. These mo- 
tors are served in groups of from 
six to eight, with a branch feeder 
and breaker for each group. Wall 
space was limited, and it was neces- 
sary to place the breakers in two 
horizontal rows, one above the other. 

To take care of this condition, the 
cabinet shown in Fig. 3 was de- 
signed. The two feeders which serve 
this floor, consisting of 750,000 circ. 
mil varnished-cambric and flame- 
proof-braid-insulated cables (two for 
positive and two for negative in each 
feeder), each in a separate pipe, 
enter the shallow part of the cabinet 
from below at the right-hand side. 
Here they are attached to the dis- 
tributing bus by lugs as shown, one 
feeder serving the upper row of 
breakers and the other the lower. All 
breaker connections are made with 
bar copper. When all the breakers 
have been installed and connections 
are complete, the two cabinet fronts, 
with a substantial hinged door be- 
fore each breaker, are put in place. 
The fact that a riser for the floors 
above in the same building had to 
pass at the point where the cabinet 
was installed made the design of the 
cabinet slightly more difficult, as it 
was necessary to allow space behind 
it for the passage of the four pipes 
carrying this riser. 

This cabinet, while apparently a 
rather expensive piece of equipment, 
was, in fact, less costly than the 
number of standard individual 
breaker cabinets which it supplants. 
It was built locally by a contractor 
and the copper bar work was all 
done by the electrical force in the 
plant. 

Branch feeder cables leave the cab- 
inets in most cases at the bottom, 
dropping through the floor and run- 
ning on the ceiling below, with taps 
up to the motor circuit breakers to 
be served. As many motors as con- 
venient are connected to each branch 
feeder, the largest feeder having a 
capacity of 600 amp. No protective 
device is installed directly at the 
point where the taps leave the feed- 
ers but each motor has its own cir- 
cuit breaker mounted near the mo- 
tor. Before running taps in this 
way without a cut-out at the feeder 
connection it was necessary to ob- 
tain special permission from the local 
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Underwriters’ Fire Inspection Bu- 
reau. As these taps are protected 
only by the branch-feeder circuit 
breakers they should be the same 
size as the feeders according to the 
code ruling. However, the permis- 
sion was obtained to run taps of 
motor-size cable of not greater 
length than 15-ft. without the in- 
stallation of cut-outs, provided no 
wire smaller than No. 4 were used 
in the taps. This permission the 
Bureau was glad to give, in view of 
the high class of construction that 
was being done and the safeguards 
applied. 


Breakdown of Elec- 
trical Equipment 
(Continued from page 491) 





service may be it is hopeless for us 
to try to accomplish anything in the 
way of reduction of accidents unless 
we obtain this close co-operation 
with the assured and his employees. 
Our policy coverage is so extremely 
broad that any deliberate or mis- 
guided act on the part of any 
man in the plant might easily do a 
large amount of damage to the equip- 
ment we are insuring. The moral 
hazard of the risk, as explained 
above, is the really important thing 
and is given by far the most impor- 
tant place in our underwriting con- 
sideration of the risk. Other points 
brought out by our inspector’s sur- 
vey are also given due consideration. 

One feature of our engineering 
service which is being given much 
thought and consideration is the re- 
lation between safety measures for 
the protection of life and limb and 
safety measures for the protection of 
the machines. We are convinced that 
these go hand in hand, and anything 
which we can do in any industrial 
works or power plant to improve the 
conditions under which the machines 
are operated and to make conditions 
safer for the operators will be a big 
step toward cutting down the num- 
ber of losses to the machines. When 
we put guards around motors and 
generators, this not only prevents the 
employees from getting their hands 
on live wires or getting caught in the 
machinery, but at the same time pre- 
vents any such action on their part 
from short-circuiting the winding or 
breaking the machine. Signs are 


placed around the plant not only to 
warn the operators and public of 
live wires, but also to prevent a se- 
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rious accident due to someone touch- 
ing the wires and causing a short 
circuit which would set up a surge 
on the line and possibly burn out two 
or three pieces of equipment. 





Mr. Nickel’s Installation 
on Page 363 of August Issue 


HE photographs from E. C. 

Nickel, Cal.,.on page 3638 of: 
the August issue of the INDUSTRIAL 
ENGINEER, certainly show very neat 
work and no doubt everything works 
just as nice as the photographs look. 
It is customary, especially in large 
motor installations, to arrange all of 
the devices as compactly as possible 
in order to avoid the use of excep- 
tionally large wires. If, as stated, 
the motor is on the floor below (not 
the ceiling) there is considerable 
conductor run from the controller, 
resistance, etc., to the motor, and 
while this does not matter so much 
as far as the stator circuits are con- 
cerned, unnecessary resistance is in- 
troduced in the rotor circuits which 
is important when the controller is 
in the running position and when it 
is desired to have the rotor resist- 
ance as low as possible. When start- 
ing, the extra resistance does not 
have any detrimental effect, since re- 
sistance starting is used anyway and 
a-little extra resistance can do no 
harm. If the extra resistance is too 
much, however, the starting torque 
will be reduced, since the proper re- 
lation between resistance and react- 
ance will not exist for maximum 
torque at standstill. 

In cases where considerable dis- 
tance between motor and controller, 
etc., is necessary, remote control 
either mechanical or electrical is 
used, as the saving in copper, due to 
short runs, as well as the improved 
operating conditions, more than pays 
for the additional apparatus which is 
necessary. 

The starting resistance is ap- 
parently mounted in front of a 
wooden post which is, no doubt, pro- 
tected and for some reason the 
ground wire from one of the sup- 
porting brackets hangs loose. I think 
the relative positions of the circuit 
breaker, controller and resistance 
are good, since all are in plain sight 
and readily ‘accessible. The resist- 
ance, as arranged, has exceptionally 
good ventilation and is substantially 
mounted. 

Mr. Nickel has considered all of 
these points and has, no doubt, ar- 











508 


ranged everything as he thinks best. 
If he gets good results, which no 
doubt he must, then all comments 
are of not much avail. 

The conduit arrangement to the 
switchboard looks good to me and I 
can therefore offer no comment other 
than to praise it. Of course, in mak- 
ing conduit runs I would avoid all 
bends possible, especially right-angle 
and more acute bends. This is not 
so important, however, in cases where 
there is plenty of room in the con- 
duit for the conductors, since they 
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can be drawn in easily and do not 
cramp one another. Conduits, even 
though mechanically strong, require 
considerable care in their installa- 
tion in order to avoid damaging and 
grounding the conductors. It is very 
surprising to see how frequently con- 
ductors in conduit systems are acci- 
dentally grounded, especially in flex- 
ible metallic conduits. No one wants 
accidental grounds, as they are trou- 
blesome and hazardous. Only pur- 


posely made grounds are desirable.. 


Patchogue, N. Y. HENRY MULFORD. 














Trade Literature 
You Should Know About 














Thwing Instrument Company, 3339 Lan- 
caster Avenue, Philadelphia, Pa— 
Bulletin 11 on “Thwing Radiation Py- 
rometers” gives construction and op- 
eration details of indicating and mul- 
tiple-recording types. Radiation type 
thermomeéters are made to cover the 
temperatures between 925 and 5,000 
deg. F. 


The Chisholm-Moore Manufacturing 
Company, Cleveland, Ohio—Catalog 26 
lists the “Cyclone” high-speed chain 
hoists of % to 40-ton capacity and 
the trolleys and hand-power traveling 
cranes manufactured by this com- 
pany. A large number of the 88 
pages are devoted to illustrations of 
numerous installations in various in- 
dustries. 


Edison Lamp Works of General Electric 
Company, Harrison, N. J.—Bulletia 
L. D. 102-A, entitled “Effect of Color 
of Walls and Ceilings on Resultant 
Illuminations,” includes a chart giv- 
ing the reflection factors for light 
from Mazda lamps on various ceiling 
and side wall tints and papers, as 
well as wood finishes. Samples show- 
ing the actual colors are tipped into 
the chart. 


DeLaval Steam Turbine Company, Tren- 
ton, N. J.—-Catalog C covers a new 
line of velocity steam turbines espe- 
cially designed for high-pressure and 
high-temperature steam. The tur- 
bines are built in sizes up to 1,200 hp. 
and are designed to be directly cou- 
pled to high-speed centrifugal pumps 
and blowers, small alternating and 
direct current generators and, by 
means of double-helical speed-reduc- 
ing gears, to large pumps and blow- 
ers, medium-size generators, belt pul- 
leys, rope sheaves and slow- and 
moderate-speed machinery. 

Joseph Weidenhoff, 4352-8 Roosevelt 
Road, Chicago, Ill—The use of the 
Weidenhoff armature fault-finder is 
described in bulletin No. 982 recently 
issued. One interesting feature is a 
diagram method of recording the 


faults of an armature. This fault- 
finder can be used on testing startinz 
motor armatures as well as -gener- 
ator armatures. 

Link-Belt Company, 910 South Michigan 
Avenue, Chicago, Ill—Book 444 de- 
scribes the “Power Hoe” and its use 
in the storage and reclamation of 
coal in yard storage. 

Arex Company, Conway Building, Chi- 
cago, Ill—A group of bulletins de- 
scribes the Arex natural draft venti- 
lators and illustrates their use in 
numerous industrial works. 

National Metal Molding Company, Pitts- 
burgh, Pa.—Catalog No. 250 lists the 
various “National” outlet boxes and 
covers, concrete boxes, switch boxes, 
cast cable boxes, and other miscel- 
laneous items manufactured and dis- 
tributed. In this catalog boxes of a 
type are grouped together, square 
covers together, round covers: to- 
gether, and so on to facilitate con- 
sultation and reference. 


B. F. Sturtevant Company, Hyde Park, 
Boston, Mass.—Catalog No. 291, a 72- 
page bulletin on “Pneumatic Collect- 
ing and Conveying Systems” contains 
33 pages of pictures and diagrams, 
17 pages of useful tables showing, for 
example, how to find the size of fans, 
the suction, volume, r.p.m. and horse- 
power for any system, cubic feet of 
air handled per minute, size of pipe 
and ducts used, and so on. Data is 
also given on dust collecting, the re- 
moval of fumes, gases, and so on with 
a discussion on the conveying of pul- 
verized coal, fibrous materials, coffee, 
ashes, wool, wood chips and other 
loose materials. A copy will be sent 
on request. 

Westinghouse Electric & Manufacturing 
Company, East Pittsburgh, Pa—A 
new publication on Micarta gears, 
folder No. 4453, entitled “Quiet Run- 
ning Gears,” enumerates the points of 
superiority claimed for Micarta gears, 
such as quietness, durability and effi- 
ciency, and shows the advantages 
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claimed to be derived from the use of 
Micarta in place of other non-metallic 
gears. 


The Texas Company, 17 Battery Place, 
New York City—The August issue of 
“Lubrication,” published monthly, 
goes into considerable detail on the 
selection and use of lubricants for 
the various types of elevators, each 
of which is described and illustrated. 
Distribution is free to those in re- 
sponsible positions in industry. 

The Cutter Company, Philadelphia, Pa. 
—A 98-page bound booklet entitled 
“Protection Up to Date,” contains 
many interesting points in regard to 
the U-Re-Lite circuit breaker and 
shows numerous installations of this 
type of equipment. Every man re- 
sponsible for maintenance will want 
one of these in his library. 


General Electric Company, Schenectady, 
N. Y.—Bulletin No. 48,028 devotes 60 
pages to a description of various 
types of electrically operated pumps, 
with installations illustrated, and 
gives motor recommendations and 
other technical data for each type. 

Buffalo Forge Company, Buffalo, N. Y.— 
Catalog. No. 700 contains valuable ta- 
bles and other data on the Buffalo 
fan system of heating, ventilating and 
humidifying. In all, 115 pages are 
devoted to the explanation of the 
principles involved in this work and 
the tabular data required to make 
heating, ventilating and humidifying 
calculations. 

Schutte & Koerting Company, Philadel- 
phia, Pa.—A new catalog, consisting 
of three illustrated bulletins, describes 
mechanical fuel-oil burning systems 
and fuel-oil burners in which the oil 
is atomized by low or high pressure 
air and steam. It discusses thor- 
oughly the installation, operation and 
maintenance of oil-burning equip- 
ment, its characteristics, requirements 
and functions, the relative merits of 
mechanical and spray oil burners, etc. 
The catalog contains over 25 tables. 


Zobell Electric Motor Corporation, Gar- 
wood, N. J.—Bulletin 100, recently is- 
sued, describes the line of Zobell Type 
H, direct-current motors, which are 
made in five frame sizes rated from 
1 to 5 hp. at 1,750 r.p.m. Besides 
giving a detailed description of the 
bearings, windings, lubrication, and 
other construction and operating fea- 
tures, two curves show characteris- 
tics of shunt-wound motors for gen- 
eral purpose service and_ series- 
wound motors for crane and hoist 
service. 

A bulletin will be issued shortly de- 
scriptive of their Type C, polyphase, 
squirrel-cage and slip-ring motors. 
These are interchangeable as to rat- 
ing and essential over-all dimensions 
with the direct-current motors. 

Carr Fastener Company, Boston 39, 
Mass.—A circular describes the use 
of the “Dot” high pressure lubricator 
in the care of industrial machinery 
by positive lubrication. 








